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RESUMO

ESTRATEGIAS PARA AUXILIAR NO MANEJO DA DOENCA FUNGICA
INVASIVA E NO USO RACIONAL DE ANTIFUNGICOS EM PACIENTES
HEMATOLOGICOS

Mariana Guarana Macedo Moura

Orientadores: Prof2. Dr2. Simone Aranha Nouér
Prof. Dr. Marcio Luiz Moore Nucci

Resumo da tese de doutorado submetida ao Programa de Pds-Graduagao
em Medicina (Doencgas Infecciosas e Parasitarias), Faculdade de Medicina, da
Universidade Federal do Rio de Janeiro - UFRJ, como parte dos requisitos
necessarios a obtencdo do titulo de doutor em medicina (Doengas Infecciosas e
Parasitarias).

Introdugdo: A doencga fungica invasiva (DFI) é uma complicacdo frequente em
pacientes hematolégicos. O dominio do conhecimento sobre essas infeccbes €
essencial para um manejo eficaz e redugcao da mortalidade. Artigo 1: Foi avaliado o
conhecimento dos hematologistas sobre infeccbes através de dois questionarios.
Obtivemos no total 289 respostas e a pontuacdo mediana (de 0 a 10) foi de 5,0 em
ambas as pesquisas. A pontuagcdo meédia baixa no geral indica uma necessidade
urgente de programas de educagdo continuada que podem resultar no melhor
atendimento ao paciente. Artigo 2: Foram comparadas 2 estratégias para profilaxia
com fluconazol em pacientes com neoplasia hematolégica submetidos a transplante
autologo: profilaxia precoce (iniciada com o regime de condicionamento) e tardia
(iniciada somente na presenga de mucosite). Candidemia ocorreu em 1,8% no grupo
de profilaxia precoce, 0% no grupo de profilaxia tardia e 1,1% no grupo sem
profilaxia (p=0,31). O inicio da profilaxia com fluconazol guiado pela ocorréncia de
mucosite oral foi tdo bom quanto a profilaxia precoce. Artigo 3: Revisamos os fatores
de risco para DFI em pacientes com LMA recebendo regimes menos intensivos
baseados em venetoclax e foi proposto uma nova estratégia de risco de DFI neste
grupo de pacientes. Artigo 4: Foi desenvolvida uma ferramenta para avaliar a
adesao as diretrizes no tratamento da fusariose invasiva. Apds revisao das
recomendagdes atuais sobre profilaxia, diagnéstico e tratamento, criou-se uma
ferramenta com 18 itens. O escore EQUAL pode ajudar os hematologistas a
medirem a adesao as atuais diretrizes e melhorar o manejo da fusariose.

Palavras-chave: infeccao fungica, fusariose, candidemia, educacgao, leucemia aguda,
antifungico.

Rio de Janeiro
Setembro/2025
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ABSTRACT

STRATEGIES TO OPTIMIZE THE MANAGEMENT OF INVASIVE FUNGAL
DISEASE AND ANTIFUNGAL STEWARDSHIP IN HEMATOLOGIC PATIENTS

Mariana Guarana Macedo Moura

Orientadores: Profe. Dr2. Simone Aranha Nouér
Prof. Dr. Marcio Luiz Moore Nucci

Abstract da tese de doutorado submetida ao Programa de Pdés-Graduagéao
em Medicina (Doencas Infecciosas e Parasitarias), Faculdade de Medicina, da
Universidade Federal do Rio de Janeiro - UFRJ, como parte dos requisitos
necessarios a obtencédo do titulo de doutor em medicina (Doengas Infecciosas e
Parasitarias).

Introduction: Invasive fungal disease (IFD) is a frequent complication in
hematological patients. Mastery of knowledge about these infections is essential for
effective management and reduced mortality. Article 1: The knowledge of
hematologists about infections was assessed using two questionnaires. We obtained
a total of 289 responses: 223 and the median score (from 0 to 10) was 5.0 in both
surveys. The overall low average score indicates an urgent need for continuing
education programs that could result in better patient care. Article 2: Two strategies
for fluconazole prophylaxis in patients with hematologic neoplasms undergoing
autologous transplant were compared: early prophylaxis (initiated with the
conditioning regimen) and late prophylaxis (initiated only in the presence of
mucositis). Candidemia occurred in 1.8% in the early prophylaxis group, 0% in the
late prophylaxis group, and 1.1% in the no prophylaxis group (p= 0.31). Initiating
fluconazole prophylaxis guided by the occurrence of oral mucositis was as effective
as early prophylaxis. Article 3: We reviewed the risk factors for IFD in patients with
AML receiving fewer intensive regimens based on venetoclax and proposed a new
IFD risk strategy in this group of patients. Article 4: A tool was developed to assess
adherence to guidelines in the treatment of invasive fusariosis. After reviewing the
current recommendations on prophylaxis, diagnosis, and treatment, an 18-item tool
was created. The EQUAL score can help hematologists measure adherence to
current guidelines and improve the management of fusariosis.

Key words: fungal infection, fusariosis, candidemia, education, acute leukemia,

antifungal.

Rio de Janeiro
Setembro/2025
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Qualidade da Confederacdo Europeia de Micologia Médica)
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RCP — Reacado em Cadeia da Polimerase

ROC - Rino-orbito-cerebral

RR — Razao de Riscos

TCH — Transplante de Células Hematopoéticas




1 INTRODUGAO

Doenga fungica invasiva (DFI) € uma infecgdo oportunista comum e grave em
pacientes hematologicos nos quais o risco de infecgdo esta relacionado tanto a
imunossupressao causada pela doencga de base quanto ao tratamento que engloba
quimioterapia intensa, transplante de células hematopoéticas (TCH) e as novas
terapias alvo.[1-4] Neste cenario, os individuos de maior risco sdo aqueles com
leucemias agudas e os submetidos a TCH alogénico devido a neutropenia
prolongada, que é o principal fator de risco para DFI.[5, 6]

Entre os fungos mais comuns envolvidos na DFI em pacientes hematoldgicos
estdo os géneros Aspergillus e Candida, que representam a maioria dos casos.[7, 8]
No entanto, a incidéncia pode variar dependendo da localizagado geografica, do uso
de profilaxia antifungica e infecgbes por fungos emergentes, como Mucorales e
Fusarium spp. [9, 10]

No Brasil, a aspergilose invasiva (Al) € a principal DFI em pacientes
hematolégicos, seguido da fusariose e da candidiase invasiva.[11] Entre as
principais espécies que causam Al, o Aspergillus fumigatus é a mais frequente.[12]
Por outro lado, na candidemia as espécies de Candida ndo-albicans tém incidéncia
crescente devido ao uso de fluconazol profilatico, estratégia introduzida no inicio dos
anos 90.[2, 13]

As manifestagbes clinicas da DFI podem variar de acordo com o agente
etiolégico, o estado imunolégico do paciente e o local da infec¢do.[12, 14, 15] Nas
infecgdes por fungos filamentosos, febre e sintomas respiratérios sdo mais comuns,
exceto na fusariose onde o quadro clinico € marcado pela presenca de lesdes de
pele.[14] Na candidiase invasiva, as infecgdes geralmente se manifestam como
candidemia ou, mais raramente, como candidiase disseminada crénica.[16, 17]

A mortalidade associada a DFI em pacientes hematoldgicos permanece elevada,
mesmo com 0Ss avangos na terapia antifungica. [5, 18] A taxa de mortalidade pode
variar dependendo do tipo de fungo envolvido, da extensdo da infeccéo e do tempo

até inicio do tratamento. Pacientes com aspergilose invasiva podem apresentar



taxas de mortalidade superiores a 50%, e na mucormicose entre 40 e 80%,
especialmente se o diagndstico e tratamento forem tardios.[19]

A prevencao e o manejo eficaz dessas infecgdes continuam sendo desafiadores,
destacando a necessidade de estratégias profilaticas e diagnosticas aprimoradas,
além de novos agentes antifungicos que possam aumentar as chances de sobrevida
desses pacientes vulneraveis.[1, 20, 21]

Nos ultimos anos, apesar da evolugao nas praticas do uso de antifungicos, a DFI
continua a ter impacto negativo no prognostico de pacientes hematolégicos, com
elevada taxa de mortalidade.[18, 22] Portanto, torna-se fundamental a atualizacao
frequente e continua em temas sobre epidemiologia, agentes etioldgicos
predominantes e as manifestagcdes clinicas da DFIl para o adequado manejo dos

pacientes neutropénicos com neoplasias hematologicas.

2 REVISAO DA LITERATURA

2.1 Epidemiologia da doencga fungica invasiva em pacientes hematolégicos

As infecgdes fungicas mais frequentes em pacientes com neoplasias
hematolégicas sao a candidiase invasiva, a aspergilose, a fusariose e a
mucormicose.[6, 23] A incidéncia desses patdégenos varia entre 2% e 49%, sendo
esta grande variagao atribuida a populagdes diferentes (doenga de base, tipo de
tratamento) e pela localizagdo geografica, que tem importante impacto na
epidemiologia da DF1.[24]

Até os anos 2000, a candidiase invasiva era a principal causa de DFIl em
pacientes oncohematologicos, principalmente causada pela espécie Candida
albicans.[25] No entanto, dois fatores contribuiram para uma mudanga na
epidemiologia das infecgcbes fungicas: (1) o aumento no uso de antifungicos
profilaticos no inicio dos anos 90 e (2) o surgimento das estratégias de terapias
empirica e preemptiva.[26] Apds a introdugéo do fluconazol profilatico nos protocolos

quimioterapicos, houve uma importante redu¢ao na frequéncia de infecgbes por



Candida spp., assim como mudanga nas espécies mais prevalentes. Na era pré-
fluconazol, o predominio era de Candida albicans, porém, apds a introdugdo dos
azolicos, outras espécies emergiram como C. glabrata e C. krusei.[27] Um estudo
publicado em 2009, mostrou declinio nas infecgbes causadas por C. albicans, de
34% entre 1988-1992 para 24% em 2001-2007 em um centro nos Estados Unidos
da América e que a etiologia de 76% das candidemias analisadas eram de Candida
nao-albicans.[28] Apesar da diminuicdo na incidéncia, a candidemia ainda esta
associada a elevadas taxas de morbidade e mortalidade, além de contribuir com um
tempo prolongado de internacdo.[29] .Além disso, entre as espécies de Candida
spp., a C. krusei é responsavel por uma taxa de obito alta (52,9%).[13, 30]

Atualmente, infecgdes por fungos filamentosos representam a principal causa de
DFI, com frequéncia de 11-18% em pacientes com leucemia mieloide aguda (LMA) e
entre 5-10% naqueles que recebem TCH alogénico.[31] Neste cenario, 0 Asperqgillus
spp. € o principal patégeno no Brasil e no mundo, com uma frequéncia de até 24%
em pacientes com LMA e mielodisplasia.[32-34] Entre as espécies mais frequentes
na Al, estdo o A. fumigatus e o A. flavus. Um estudo desenvolvido na Franga avaliou
127 casos de Al no periodo de 2004 e 2008 e mostrou que das amostras de cultura
positivas, A. fumigatus estava presente em 55%, A. flavus em 17% e A. niger em
10%.[35] Por outro lado, em regides de clima tropical como Arabia Saudita, Sudéo e
na Africa, A. flavus é a espécie mais comum em casos de aspergilose invasiva.[36]
Um estudo prospectivo realizado em um centro na Tunisia analisou a prevaléncia de
Aspergillus spp. no meio ambiente e, a partir de 1680 amostras, espécies de
Aspergillus spp. foram isolados em 130 casos, dos quais 79,2% eram A. flavus, 10%
A. niger e apenas 2,3% eram A. fumigatus.[37] Portanto, clima e fatores geograficos
tém impacto importante na epidemiologia, contribuindo para mudanga na frequéncia
das espécies, sendo entdo fundamental o conhecimento da epidemiologia local de
cada centro.[38]

A mortalidade associada a Al em pacientes com leucemia aguda e receptores de
TCH alogénico é de 30 a 40% e 35 a 56%, respectivamente.[5, 39] Apesar de alta,
com o avango nos exames laboratoriais, o diagndstico precoce e tratamento
adequado, a mortalidade tem diminuido nos ultimos anos.

Infecgbes por Fusarium spp. e zigomicetos s&o menos frequentes e com variagéo
na incidéncia a depender da regido geogréfica.[9, 40, 41] No entanto, uma

caracteristica comum a fusariose e a mucormicose € o prognéstico ruim, com



mortalidade entre 50 e 70%.[42, 43] Na fusariose, as espécies que mais
frequentemente causam infeccdo em humanos sdo aquelas do complexo Fusarium
solani e Fusarium oxysporum.[43] Na mucormicose, os patdégenos mais frequentes
sdo Rhizopus spp., seguido de Mucor spp. e Lichtheimia spp., porém pode haver
variagdo na prevaléncia de acordo com localizagdo geografica.[44, 45] Uma meta-
analise que incluiu 851 pacientes com mucormicose, 33% tinham neoplasia

hematoldgica e, Rhizopus spp. foi 0 agente etolégico mais frequente.[46]

2.2 Doenga fungica invasiva no Brasil

No Brasil, a incidéncia da DFI em pacientes onco-hematolégicos é de 10 a 13% e
varia de acordo com a doenga de base sendo maior o risco em pacientes com LMA.
[11, 33, 47] Em um estudo prospectivo com 8 centros, Nucci e cols. encontraram
uma incidéncia cumulativa em um ano de 18,7%, 11,3% e 1,9% em pacientes com
LMA, apés TCH alogénico e autdlogo, respectivamente. Além disso, a DFI mais
frequente foi a fusariose seguida de aspergilose.[47] No entanto, uma importante
limitagdo deste estudo foi que o exame da galactomanana ndo estava disponivel em
grande parte do periodo do estudo, o que pode ter colaborado para um viés, com
reducao nos casos de aspergilose provavel.[47] Em 2021, Souza e cols. revisitaram
este tema num estudo prospectivo em quatro centros brasileiros onde
galactomanana e exames de imagem foram realizados de rotina para o diagndstico
de DFL[11] Foi observada uma alta frequéncia de DFlI em pacientes com LMA
(26,1%) e em leucemia linfoide aguda (LLA, 16,7%), sendo Al a principal infeccéo
(7,3%) seguido de candidemia e fusariose (1.3%).[11] E importante destacar que
este estudo confirmou a baixa incidéncia de mucormicose (0,5%), comparada com
outros paises [48, 49] e uma sobrevida em 30 dias menor em pacientes com DFI
comparado com quem nao desenvolveu DFI.

Em muitos centros no Brasil, a profilaxia antifungica utilizada é o fluconazol,
associada a estratégia de diagnostico guiada pelo uso de ferramentas como
galactomanana e exames de imagem.[50] Em 2021, Bergamasco e cols.[51],
analisaram retrospectivamente casos de DFI provavel e provada no periodo de 2009
a 2019 em unico centro brasileiro, onde era utilizado esta estratégia. A frequéncia de

DFI em pacientes com leucemia aguda e em receptores de TCH alogénico foi de



17,3% e 8,9%, respectivamente. Neste estudo, a aspergilose invasiva também foi a
principal causa de DFI, porém, ao contrario do estudo de Souza e cols., fusariose foi
a segunda DFI mais frequente, seguida de candidiase invasiva. Um dado
interessante foi a frequéncia de criptococose, com 8,5% em pacientes com doencga
linfoproliferativa, confirmando o que ja foi descrito anteriormente sobre maior
incidéncia criptococose neste grupo de doengas, especialmente com o uso de novos
medicamentos como os inibidores da bruton quinase.[51, 52]

A incidéncia de fusariose em pacientes hematologicos varia de acordo com as
regides ao redor do mundo, e mesmo entre diferentes centros no mesmo pais.[43]
Porém, comparado com outros paises na Europa e nos Estados Unidos da América
(EUA), o Brasil apresenta incidéncia da fusariose mais alta, variando entre 1,6-1,7%,
podendo chegar a 4,3% em pacientes com LMA e 3,1% ap6s TCH alogénico de
medula.[11, 43, 51] Por ouro lado, estudos italianos mostraram uma frequéncia entre
0,1 e 1,7% e, nos EUA 0,7% em receptores de TCH (1,2% no alogénico e 0,2% no
autdlogo).[5, 40, 53]

A primeira descri¢do de fusariose invasiva no Brasil foi publicada em 1992 por
Nucci e cols. no qual apresentaram as manifestagdes clinicas tipicas e o diagnéstico
através da hemocultura em pacientes com doenca disseminada.[54] Em 2003, o
mesmo autor, mostrou a mortalidade alta associada a fusariose invasiva nos
pacientes com neoplasias hematoldgicas, assim como os fatores associados com
pior prognostico.[55] Dos 84 casos analisados, somente 50% e 21% dos pacientes
estavam vivos 30 e 90 dias apds o diagndstico de fusariose, respectivamente. [55]
Na analise multivariada, neutropenia e uso de corticoide foram os dois fatores
associados com desfechos ruins e impacto na sobrevida. Em 2004, um outro estudo
que incluiu 9 centros, caracterizou a epidemiologia e os fatores progndsticos da
fusariose invasiva em pacientes hematolégicos submetidos a TCH.[56] Nucci e cols.,
mostraram que a incidéncia de fusariose no TCH alogénico com antigenos
leucocitarios humanos (HLA)- incompativel pode ser quatro e 10 vezes maior que
em pacientes submetidos a TCH HLA compativel e autélogo, respectivamente. Outro
dado importante foi a descrigcdo da distribuigdo trimodal da infecgdo por Fusarium,
com o primeiro pico antes da recuperagao neutrofilica, o segundo que ocorre
préximo dos 60 dias apds o TCH e o terceiro que é mais tardio, um ano apos o TCH.
[56]



Com relagao a infecgado por Candida spp. em pacientes hematoldgicos, estudos
brasileiros apontam que a epidemiologia é também diferente de outros paises.[57,
58] Bergamasco e cols. caracterizaram os episodios de candidemia em pacientes
hematolégicos e com tumores sdélidos de 18 centros na América Latina.[59] As
espécies encontradas mais frequentemente foram C. albicans, seguido C. tropicalis
e C. parapsilosis. Quando comparado os dois grupos, a incidéncia de infecgéo por
C. parapsilosis foi maior nos pacientes com neoplasias hematoldgicas, e estava
provavelmente relacionada a uso de cateter e de fluconazol profilatico que poderia
reduzir a colonizagao por Candida spp., no trato gastrointestinal.[59] Por outro lado,
infeccao por C. glabrata e C. krusei foram infrequentes.

As condigcbes geograficas, as praticas de profilaxia antifungica e a auséncia de
protecdo ambiental com filtro do tipo High-Efficiency Particulate Air (HEPA) podem
contribuir para a alta incidéncia de DFI no Brasil, principalmente em pacientes com
leucemia aguda e submetidos a TCH alogénico. Estratégias que mitiguem esses

riscos podem auxiliar na reducéo do risco de DFI em nosso pais.

2.3 Fatores de risco

Neutropenia € um dos fatores de risco mais associados a DFI, principalmente
aquelas causadas por fungos filamentosos.[60] Mais importante ainda € a duracédo e
intensidade da neutropenia, sendo os pacientes de maior risco aqueles com
leucemia aguda tratados com quimioterapia intensa e os submetidos a TCH
alogénico.[61, 62]

Identificar os parametros antes e durante o tratamento que podem predizer a
duragao da neutropenia € essencial para estratificar o risco de DFI em pacientes
hematoldgicos, principalmente causadas por fungos filamentosos.[63] Deve-se
considerar fatores relacionados ao hospedeiro, a doenca de base e a exposi¢cao
ambiental.[64] Na LMA, citogenética desfavoravel, contagem de leucdcitos elevada
ao diagnostico, comorbidades e idade avangcada (mais do que 65 anos) sao
variaveis que impactam na probabilidade de remissdo completa durante o
tratamento e, portanto, predizem um tempo de neutropenia mais prolongado e risco

maior de infecgao fungica.[63, 65, 66] Variaveis relacionadas ao hospedeiro como



sobrecarga de ferro, uso prolongado de corticosteroides, hiperglicemia e tabagismo
também contribuem para o risco aumentado de DFI.[64, 67, 68] Além disso,
colonizacgao por Aspergillus spp., internacdo em ambiente hospitalar sem filtro HEPA
ou com obra, também aumentam o risco de aspergilose.[69-71]

Em 2010, Chabrol e cols., analisaram retrospectivamente 257 pacientes com
leucemia aguda e identificaram que doenga pulmonar prévia, neutropenia ao
diagnéstico e LMA com citogenética de alto risco eram fatores de risco para
aspergilose invasiva, enquanto profilaxia primaria era protetor.[72] Na fusariose
invasiva, em uma série de 84 casos diagnosticados em centros do Brasil e dos EUA,
83% dos pacientes estavam neutropénicos ao diagnéstico da fusariose e quase
todos os casos ocorreram em individuos com leucemia refrataria ou recaida.[55]
Nesta analise, neutropenia persistente (razdo de riscos [RR] 5,43; intervalo de
confianga [IC] 95% 2,64-11,11) e uso de corticosteroides (RR 2,18 IC 95% 1,98-
3,96) foram fatores de mau prognoéstico.[55] Diferente dos pacientes com leucemia
aguda, nos receptores de TCH alogénico, a fusariose pode ocorrer mesmo na
auséncia de neutropenia. No cenario do TCH apds a recuperagdo medular, a
imunodeficiéncia celular causada pela doenga do enxerto contra hospedeiro (DECH)
e seu tratamento sdo os fatores que mais contribuem para o risco de DFI.[73] Um
estudo com 84 pacientes no TCH alogénico, mostrou que a fusariose invasiva tinha
uma distribuicdo trimodal: um pico de incidéncia nos primeiros 30 dias (antes da
pega da medula), segundo momento entre os dias 61 e 80 apoés o TCH, e o terceiro
pico apdés os 360 dias.[55] Com exce¢ado do primeiro momento, nos outros dois a
infeccdo pode ocorrer no contexto de DECH aguda e cronica.[56] Em uma coorte
retrospectiva com 11.980 pacientes, Riches e cols. analisaram 124 casos de DFI
excluindo aspergilose, e encontraram que DECH, idade maior do que 50 anos e
infeccao prévia por Aspergillus spp., eram fatores de risco para mucormicose.[42]

Com relagao a candidemia em pacientes hematolégicos, o principal fator de risco
€ a presenca de mucosite.[74] Candida spp., € um patégeno que coloniza o trato
gastrointestinal e, portanto, a quebra de barreira mucosa decorrente do uso de
quimioterapia intensa ou de DECH gastrointestinal aumentam o risco de
translocagao e candidiase invasiva.[74]

Nucci e Anaissie discutiram a origem da candidemia, se € pela presenca de

cateter ou do trato gastrointestinal e mostraram que a maior parte das infec¢des



ocorrem por translocacdo e que ndao ha a necessidade de remocdo precoce de

cateter em casos de candidemia.[75]

2.4 Manifestacoes clinicas

Nos pacientes imunocomprometidos, a principal porta de entrada dos fungos
filamentosos como Fusarium, Aspergillus e os agentes da mucormicose € a via
respiratoria, através da inalagao.[76, 77] No entanto, a quebra de barreira na pele,
através de lesdes, também é uma via de entrada para Fusarium e Mucor, sendo a
forma cutdnea da mucormicose encontrada mais frequentemente em pacientes
vitimas de trauma ou queimados.[78] Portanto, de forma geral, uma das principais
manifestacdes clinicas da DFI por estes fungos € o acometimento pulmonar. Por
outro lado, as infecgdes causadas por Candida spp. decorrem da translocagado do
trato gastrointestinal quando ha mucosite levando a candidemia.[75]

A fusariose invasiva (FI) pode ser adquirida na comunidade ou em ambiente
hospitalar. Neste ultimo, a contaminagdo ocorre através da inalagédo do ar ou por
agua contaminada (contato com lesdo em pele ou inalagdo de aerossol).[79-81]
Além da febre, as principais manifestagbes clinicas incluem: lesao de pele,
pneumonia, celulite ou linfangite onda ha quebra de barreira na pele por
onicomicose ou intertrigo digital.[55] Uma analise de 232 casos de FI em pacientes
imunossuprimidos, mostrou que 72% dos pacientes tinham lesdes de pele
disseminadas.[82] Além disso, caracterizaram as lesdes como papulas ou ndédulos,
com ou sem necrose em diferentes estagios de evolugdo, e que muitas vezes
estavam associadas a mialgia.[82] A pneumonia causada por Fusarium, em geral,
ocorre como doenca disseminada, sendo esta apresentacdo mais comum em
pacientes nos quais a pele é a porta de entrada e a disseminagéo € hematogénica.
[83] Nucci e cols. analisaram 233 casos de Fl e destes, 114 pacientes tinham
acometimento pulmonar, sendo que em 105 casos a pneumonia fazia parte de um
quadro disseminado e somente em nove pacientes era uma doenga localizada no
pulm&o.[83] Neste mesmo estudo, outra manifestagéo clinica frequente foi sinusite,
que estava presente em 72 (31%) dos 233 casos de fusariose, e na maioria dos
pacientes fazia parte de doenca disseminada.[83] A fungemia é a forma de

apresentacao clinica mais frequente da Fl, presente em mais de 50% dos pacientes



hematoldgicos ao diagnéstico e com mortalidade elevada.[55] E importante destacar
que no contexto do TCH alogénico de medula, outras manifestagdes menos tipicas
podem ocorrer, como artrite € endoftalmite.[84, 85]

Na Al, o paciente hematolégico de alto risco pode se apresentar com febre
persistente apesar do uso de antibidticos, ou mesmo néo apresentar febre.[77] O
acometimento pulmonar € o mais comum e apresenta duas fases: broncoalveolar,
mais precoce, e angioinvasiva, que se caracteriza por infarto pulmonar (12). A
expressao radiologica na fase broncoalveolar se caracteriza pela presenca de
infiltrados tipo ‘arvore em brotamento’, vidro fosco e consolidagao peri-brénquica, e
na fase angioinvasiva, por nédulo com ou sem ‘sinal do halo’ e consolidagao.[86]
Colombo e cols., compararam as manifestagdes clinicas da Al de 77 pacientes com
LMA e LLA e mostraram que febre e acometimento pulmonar estavam presentes em
89,6% e 92,2% dos casos, respectivamente.[87] Além disso, sinusite, outra
manifestagdo comum da Al, estava presente em 29,9% dos pacientes.[87]

A aspergilose, assim como a fusariose, compartilham um contexto epidemiolégico
semelhante, porém, com caracteristicas clinicas e laboratoriais que podem ser
diferentes.[88] Nucci e cols., revisaram 36 casos de pacientes com Al e 26 com Fl e
encontraram algumas diferencas.[88] Febre foi mais frequente nos casos de FI
comparado com Al (96,2% versus 63,9%; p=0,003), mas pneumonia (88,9% versus
50,0%; p=0,001) e sinusite (63,9% versus 38,5%; p=0,048) foram mais comuns na
aspergilose. Por outro lado, lesdo de pele e fungemia com hemocultura positiva
foram manifestacdes encontradas exclusivamente na fusariose. Com relagdo ao
diagnostico, o ‘sinal do halo’ estava mais presente nos pacientes com Al, no entanto,
nao houve diferenca em relagdo a galactomanana positiva (88,6% na Al e 73,3% na
Fl; p=0,18).[88]

A mucormicose invasiva (MI) pode se apresentar clinicamente com diferentes
padrées: (1) pulmonar, (2) rino-orbital-cerebral, (3) gastrointestinal, (4) disseminada,
(5) cutédnea e outras formas raras.[45] Ao contrario dos imunocompetentes, nos
pacientes com neoplasias hematolégicas as apresentagdes clinicas mais comuns
sdo o acometimento pulmonar, a rino-orbital-cerebral (ROC) e a disseminada.[89,
90] Uma analise de 604 casos de Ml em pacientes com neoplasias hematoldgicas
ou submetidos a TCH alogénico mostrou que as formas mais frequentes de MI foram
pulmonares (44.4%), ROC (27,6%) e disseminada (16%).[45] Febre, assim como em

outras DFI, é a manifestagéo clinica mais frequente. A triade de tosse, dispneia e
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dor toracica esta associada com apresentacdo pulmonar da doenca. Na forma ROC,
dor nos seios paranasais e olhos, rinorreia, congestdo nasal sao sinais de alerta
assim como ulcera nasal ou no palato e proptose sao sinais de doenca avangada.
[91] Nos exames de imagem, sinais sugestivos de MI sdo a presenga do ‘halo
reverso’, cavitagdo no pulmido e espessamento mucoso, obliteragdo dos seios
paranasais e destruicdo 6éssea na forma ROC.[45]

Diferente dos fungos filamentosos, as infecgbes por Candida nos pacientes
hematoldgicos tem origem no trato gastrointestinal e se manifesta principalmente
como candidemia apds quebra de barreira por mucosite e translocagéo.[75] Nao ha
sinal ou sintoma especifico de candidiase invasiva, porém em pacientes com fatores
de risco (neutropenia, mucosite), febre persistente e que ndo estdo em uso de
profilaxia antifungica, deve-se suspeitar de infecgdo por Candida.[92] No entanto,
alguns pacientes podem apresentar lesdes de pele que em geral estdo associadas a
candidemia por C. tropicalis. [93] Uma revisdo sistematica publicada em 2018,
analisou 100 casos de candidiase em pacientes neutropénicos com lesao de pele e
descreveu dois padrdes: (1) lesbes maculopapulares disseminadas em pacientes
com C. tropicalis que nao estavam em uso de profilaxia antifungica e, (2) lesdes
nodulares e/ou papulares por C. krusei em pacientes em uso de fluconazol
profilatico.[94] A mortalidade em individuos com candidemia e lesdao de pele foi de
45,4%.[94] Além da candidemia, outra apresentacdo clinica € a candidiase
disseminada crénica. Nestes casos, o quadro mais comum € o de febre persistente
apos recuperagao dos neutréfilos, dor no quadrante superior direito do abdome,
nausea e hepatoesplenomegalia cujo exame de imagem mostra multiplas pequenas
lesdes no bago e no figado.[95]

Portanto, apesar do quadro clinico diferente entre esses principais fungos, o
conhecimento dos fatores de risco, do perfil do hospedeiro e das caracteristicas
clinicas das doencas fungicas auxiliam para um diagnostico mais adequado e rapido

na beira do leito.
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2.5Diagnéstico da doenga fungica invasiva

De acordo com a organizagado europeia para pesquisa e tratamento do cancer
(EORTC), a DFI pode ser definida como possivel, provavel ou provada.[96] Em
todas as definicbes devem ser considerados os fatores do hospedeiro como:
neutropenia prolongada, neoplasia hematolégica, transplantados de 6rgaos solidos
ou de medula, uso prolongado de corticosteroide ou com DECH.[96, 97] Além disso,
os pacientes também devem apresentar caracteristicas clinicas sugestivas de DFI
que incluem a presengca de imagem radiolégica. No entanto, para definir DFI
provavel, além destes critérios, € necessario também ter evidéncia micoldgica como
cultura do escarro ou lavado broncoalveolar, microscopia direta mostrando a
presenca do fungo, reagdo em cadeia de polimerase (RCP) para Aspergillus ou
galactomanana positiva (antigeno presente na parece celular dos fungos). Para DFl
provada € fundamental a documentagao da infecgédo fungica em um tecido estéril por
cultura, histopatoldgico ou hemocultura positiva (nos casos de Candida e Fusarium).
[96, 97] Tal classificagao foi criada para homogeneizar o recrutamento de pacientes
em estudos clinicos, mas n&o para o cuidado de pacientes.

Portanto, as ferramentas utilizadas para o diagnostico de DFI incluem exames
radiolégicos, cultura (sangue, secregao pulmonar), histopatolégico e biomarcadores
como galactomanana, beta-glucana e a reacdo em cadeia de polimerase.[97-99] A
pesquisa de anticorpos para aspergilose possui sensibilidade baixa pela
incapacidade do hospedeiro de desenvolver uma resposta humoral com formacéao
de anticorpos e, por isso, nao € utilizado no cenario da hematologia. Por outro lado,
o exame da galactomanana é fundamental para o diagndstico e acompanhamento
da DFI em pacientes neutropénicos. O teste pode detectar precocemente a infecgao
fungica e pode ser realizado no sangue, lavado broncoalveolar e liquor, sendo
considerado como ponto de corte 20,5, 21,0 e 21,0, respectivamente.[86, 100, 101]
O acompanhamento da cinética da galactomanana também é importante para
monitorar o tratamento da DFI e estd associada a um bom desfecho se os valores
normalizam dentro de uma a duas semanas do inicio da terapia antifungica, o que
significa que houve redugcdo na carga fungica do paciente.[102] Durante o
tratamento dos pacientes hematologicos de alto risco, a galactomanana seriada

(duas a trés vezes por semana) € utilizada em conjunto com exames radioldgicos
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como estratégia para terapia antifungica preemptiva.[103] No entanto, deve-se
destacar que o teste pode ser positivo tanto na aspergilose como na fusariose,
sendo a sensibilidade é reduzida quando esta sendo utilizada profilaxia antifungica
para fungo filamentoso.[104, 105] Por outro lado, uma galactomanana negativa em
um paciente com alteragdes clinicas e radiolégicas sugestivas de DFI, deve-se
suspeitar de mucormicose.[106] Outro teste que pode ser utilizado é a detecgéo da
1,3-beta-D-glucana, util no diagndstico de candidiase, aspergilose, fusariose e
pneumocistose, porém tem limitagdes como baixa disponibilidade nos centros e taxa
alta de falso positivo.[106, 107]

Além dos biomarcadores ja conhecidos, galactomanana e 1,3-beta-D-glucana,
nos ultimos anos surgiram os exames de RCP para Aspergillus, Fusarium e Mucor.
[98, 108, 109] Porém devem ser utilizados com cautela. No paciente neutropénico, o
RCP para Aspergillus tem alta sensibilidade e elevado valor preditivo negativo sendo
um bom teste para vigilancia, capaz de diagnosticar a Al de forma precoce, mesmo
antes da galactomanana ser positiva.[110] Além disso, existem alguns testes de
RCP que podem detectar as espécies de Aspergillus com resisténcia adquirida aos
azdlicos.[110] Entretanto, o RCP tem limitagdes como a baixa sensibilidade em
pacientes ndo neutropénicos ou em uso de profilaxia antifungica, € dependente da
correlagao clinica e radiolégica podendo ser positivo em pacientes colonizados, a
auséncia de padronizagdo em larga escala e a indisponibilidade de testes em muitos
centros.[110] Apesar de ndo estar incluido como critério diagndstico, a RCP também
tem auxiliado no diagndstico precoce da mucormicose com estudos mostrando que
o teste é positivo dias antes do surgimento da imagem radiologica.[111] No estudo
MODIMUCOR de Millon e cols., no qual avaliaram o uso de RCP no sangue para
diagnéstico de mucormicose, a sensibilidade, especificidade, valor preditivo positivo
e negativo da RCP no sangue para a detecgdo dos géneros Lichtheimia,
Rhizomucor, e Mucor/Rhizopus foram de 85,2%, 89,8%, 52,3% e 97,9%,
respectivamente, e os pacientes que tiveram persisténcia da RCP positiva apos
inicio do tratamento antifungico tiveram desfecho pior.[112, 113] No entanto, assim
como na Al, a principal limitagdo € a auséncia de padronizagédo, custo e baixa
disponibilidade do teste nos centros.[108] Outro método nao invasivo que tem se
mostrado uma valiosa ferramenta no diagndstico de infecgcbes em pacientes
hematoldgicos € sequenciamento de préxima geragao aplicado a metagendmica que

identifica o DNA de bactérias, fungos e virus e pode ser analisado em amostras de
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sangue ou no lavado broncoalveolar.[114] Fu e cols., compararam o uso do
sequenciamento por metagenémica com métodos convencionais (microscopia
direta, galactomanana, cultura) no diagndstico de infecgbes pulmonares em
pacientes submetidos a TCH alogénico e encontraram uma sensibilidade superior de
88,8% x 69,4% e especificidade de 81,0% x 85,7%, respectivamente.[115] As
vantagens da metagenbémica incluem também a identificacdo de bactérias
resistentes, rapidez no diagndstico e auxiliar na identificagdo de infeccbes por
patogenos raros.[116, 117] Por outro lado, as limitagbes incluem o custo alto, a
disponibilidade nos centros e assim como outros métodos, a correlagdo com o
quadro clinico.[117]

A tomografia de alta resolugdo é também uma importante ferramenta para o
diagnéstico de DFIL.[118] No térax, imagens como ‘sinal do halo’, opacidades
centrolobulares, ‘sinal do ar crescente’, consolidacdo lobar, cavitacbes e ‘sinal do
halo invertido’ sdo sinais de infecgdo fungica.[69, 119, 120] Além disso,
espessamento mucoso com areas de necrose nos seios paranasais ou nodulos no
baco ou figado podem sugerir infecgdo por fungo filamentoso e candidiase,
respectivamente.[120] Apesar de ndo ser patognomodnico de Al, em um contexto
clinico e epidemiolégico compativel, o ‘sinal do halo’ € muito sugestivo de
aspergilose e corresponde a uma area de infarto pulmonar (nédulo) circunscrita por
edema e hemorragia (vidro fosco).[121] Por outro lado, o ‘sinal do halo reverso’,
encontrado na mucormicose, é a imagem radiografica de um vidro fosco rodeado por
um anel de consolidagdo.[121] Nos ultimos anos, a tomografia com emissdo de
positrons (PET-SCAN) tem auxiliado no manejo da DFI, principalmente para
estadiamento e monitoramento.[122] No entanto, tem como limitagées o alto custo,
nao € ideal para detectar lesdes cerebrais, no rim ou coracao e tem baixa

especificidade.[122]
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2.6 Tratamento das doencgas fungicas mais frequentes
2.6.1 Candidemia

As equinocandinas, caspofungina, micafungina, anidulafungina ou rezafunginaE
sdo consideradas a terapia de primeira linha no tratamento da candidemia.[123] O
inicio precoce do antifungico adequado tem impacto na sobrevida dos pacientes e
reduz a mortalidade.[92] Apds a identificacdo da espécie, o teste de susceptibilidade
deve guiar o tratamento e, se sensivel a fluconazol, pode ser realizado o
descalonamento caso o paciente esteja estavel clinicamente, apds alguns dias de
terapia endovenosa.[123, 124] A depender de algumas espécies de Candida, o
tratamento de escolha pode mudar, como nas infecgcbes por C. krusei que é
intrinsecamente resistente ao fluconazol mas nao ao voriconazol.[63] Outra opgao
de tratamento é a anfotericina lipossomal, porém deve ser considerada como
alternativa caso exista contraindicagdo ao uso de equinocandina. A candidiase

disseminada crbnica é tratada da mesma forma que a candidemia.

2.6.2 Aspergilose invasiva

Atualmente ha trés classes de antifungicos disponiveis para tratamento da Al:
azolicos, polienos e as equinocandinas.[125]

Na primeira linha, os melhores niveis de evidéncia com recomendacgao A-l sdo os
triazolicos: voriconazol e isavuconazol.[126, 127] O primeiro, tem taxas de resposta
descritas na literatura entre 36 e 52,8%, esta associado a redugédo na duragado da
internacdo e € um medicamento com boa penetragdo no sistema nervoso central e
olhos.[126, 128, 129] Os efeitos colaterais mais frequentes sdo hepatotoxicidade,
alteragdes visuais e psiquiatricas (incluindo alucinagao), fototoxicidade e periostite
em pacientes submetidos a tratamentos prolongados.[130, 131] Outro ponto de
atencdo com o voriconazol é a farmacocinética variavel, sendo importante o
acompanhamento do nivel sérico.[132] O isavuconazol, € também considerado
terapia de primeira linha com o mesmo nivel de recomendag¢ao apds um estudo de

nao inferioridade mostrar que o medicamento é tao eficaz quanto o voriconazol no
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tratamento da Al, sem diferenga na sobrevida.[123, 133] No entanto, quando
analisado o perfil de seguranga, isavuconazol tem menos efeitos colaterais e a
farmacocinética € mais linear, ndo sendo obrigatério a dosagem do nivel sérico.[133]
O posaconazol foi comparado ao voriconazol em um estudo randomizado de nao
inferioridade e os resultados mostraram auséncia de diferenca com relacdo a
mortalidade e menos efeitos colaterais com posaconazol, sendo este também uma
opcao de tratamento para Al apesar de ser usado com mais frequéncia como
profilaxia. Um problema comum a todos os azodlicos sdo as interagdes
medicamentosas uma vez que esses medicamentos sao inibidoras do citocromo
P450 e das P-glicoproteinas com diferentes intensidades.[134] Como muitos
medicamentos utilizados na hematologia (venetoclax, midostaurina) séao
metabolizadas pela mesma via dos azodlicos, € preciso estar atento as interagoes.
[134]

Como alternativa aos triazélicos, as formulagdes lipidicas da anfotericina sao
op¢des em pacientes com toxicidade, que nao estdo respondendo ao tratamento ou
que estavam em uso de profilaxia para fungo filamentoso.[77, 125] Os efeitos
adversos mais comuns s&o relacionados a infusdo, como febre e calafrios,
nefrotoxicidade e hipocalemia.[135] Entre as formulag¢des disponiveis, a anfotericina
lipossomal na dose de 3mg/kg/dia € a droga de escolha por ter perfil de toxicidade
menor.[136] Em um estudo que comparou 3mg/kg/dia com 10mg/kg/dia de
anfotericina lipossomal no tratamento da aspergilose mostrou que nao havia
beneficio em usar doses maiores e que estava associado a maior toxicidade.[137] A
anfotericina deoxicolato é muito toxica e, portanto, ndo deve ser usada.[123]

As equinocandinas tem eficacia limitada no tratamento da Al e ndo estdo
recomendadas como monoterapia.[138, 139] A terapia combinada ndo esta indicada
na primeira linha, porém pode ser considerada em situacbes como terapia de
resgate em pacientes que nao responderam a primeira linha, em areas onde ha altas

taxas de resisténcia ou enquanto ndo souber o teste de susceptibilidade.[125]

2.6.3 Fusariose invasiva

Os antifungicos disponiveis para tratamento da fusariose sdo as formulagdes

lipidicas da anfotericina B e o voriconazol, porém sem estudo randomizado
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comparando essas drogas.[140] Um estudo retrospectivo, multicéntrico com 233
pacientes diagnosticados com fusariose mostrou que a probabilidade de sobrevida
em 90 dias com voriconazol, com anfotericina B lipidica e anfotericina deoxicolato foi
de 60%, 53% e 28%, respectivamente (p=0,04).[83] Além disso, foram encontrados
como fatores de pior prognostico o uso de corticosteroides, neutropenia no final do
tratamento e tratamento com anfotericina deoxicolato.[83] Logo, assim como em
outras DFI, a formulagdo convencional de anfotericina ndo esta indicada e pode
piorar o quadro clinico dos pacientes devido aos efeitos colaterais.

De uma forma geral, as espécies de Fusarium apresentam uma concentragéo
inibitéria minima (CIM) alta para todos os antifungicos, sendo maior para os azélicos,
nao havendo ponto de corte estabelecido.[43, 141] No entanto, ndo ha uma
correlagdo entre CIM e desfecho clinico. Nucci e cols. mostraram que em 22
pacientes com Fl tratados com voriconazol, ndo houve diferengca com relagdo ao
CIM nos pacientes que sobreviveram comparados aos o6bitos.[141] Portanto, a
identificacdo da espécie e os testes de susceptibilidade ndo devem ser utilizados
para guiar o tratamento, mas sim para fins epidemiologicos.

Com base nos estudos publicados, a diretriz atual de tratamento de fungos raros
recomenda voriconazol ou uma formulagdo lipidica de anfotericina.[43, 140] E,
apesar de nao existir dados mostrando que terapia combinada € melhor do que
monoterapia, nesta diretriz a forca da recomendacdo € a mesma para ambas as
opcdes terapéuticas. E importante destacar, que, assim como em outras doencas
fungicas em pacientes hematolégicos, a recuperagdo medular € fundamental para o

sucesso terapéutico.[142]

2.6.4 Mucormicose

O sucesso no tratamento da mucormicose depende de trés fatores: uso precoce
de um antifungico adequado, controle do foco infeccioso com cirurgia e, como nas
outras doengas fungicas em pacientes hematoldgicos, resolugdo da neutropenia.
[143] Além disso é fundamental o controle dos fatores de risco como redug¢ao do uso
de corticosteroide e corregao de hiperglicemia.[143, 144]

As terapias antifungicas recomendadas para o tratamento da mucormicose séo a

anfotericina lipossomal e os triazdlicos isavuconazol e posaconazol, sendo este
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ultimo aprovado apenas como opgao de resgate em pacientes refratarios.[144-146]
Apesar de estudos com modelo animal mostrarem maior eficacia no uso da terapia
combinada de equinocandina com anfotericina comparado a monoterapia, os
resultados em estudos clinicos foram controversos.[143, 147, 148] Portanto, na
auséncia de estudos prospectivos comparativos, o uso de terapia dupla nao esta
recomendado.

Por outro lado, o controle do foco infeccioso com cirurgia esta bem estabelecido.
No entanto, em pacientes hematoldgicos, procedimentos cirurgicos sdo complexos

devido as citopenias graves decorrentes da doencga e do tratamento.[149-151]

2.7 Profilaxia antifungica

Os grupos de maior risco para DFI sdo os pacientes com leucemia aguda tratados
com protocolo quimioterapico intenso e aqueles submetidos ao TCH alogénico,
sendo a neutropenia grave e prolongada por mais de 7 a 10 dias o principal fator de
risco para infeccéo por fungos filamentosos, e a mucosite para candidemia.[61] Nos
pacientes com LMA, a estratificacao de risco baseada em fatores do hospedeiro, da
doencga e do meio ambiente auxiliam a definir a melhor estratégia de profilaxia.[63]
Em centros com alta incidéncia de infeccao por fungo filamentoso, os azdlicos de
amplo espectro sdo a primeira escolha para profilaxia primaria de DFI, sendo
posaconazol o mais indicado com base em um estudo randomizado que mostrou
reducao de DFI e aumento da sobrevida quando comparado com fluconazol ou
itraconazol.[152] Além disso, estudos retrospectivos confirmaram o beneficio do
posaconazol.[153, 154] Apesar da auséncia de estudos randomizados, o voriconazol
pode ser considerado uma alternativa.[155] Por um outro lado, em locais com baixa
incidéncia de aspergilose, pode ser adotado a estratégia de fluconazol profilatico e
rastreio semanal com biomarcadores como a galactomanana e uso precoce de
exame de imagem.[156] Um estudo que comparou terapia empirica ou preemptiva
mostrou que esta ultima é uma opgao segura mesmo com o0 uso da profilaxia com
fluconazol em pacientes de alto risco.[157] Em pacientes com LMA tratados com
protocolos menos intensos o uso da profilaxia primaria € controverso e deve ser

avaliado com cautela.[158] Fatores como a epidemiologia local, interagao



18

medicamentosa com as novas drogas e toxicidade devem ser incorporados a uma
estratégia baseada no risco de DFI para definir a necessidade do uso da profilaxia
neste grupo de pacientes.[159-161]

No cenario do TCH alogénico, os periodos de maior risco para infecgao fungica
sdo os primeiros 30 dias até a recuperacdo dos neutrofilos e apdés a enxertia se
houver DECH com uso de corticosteroide e imunossupressores.[47] Na fase precoce
do TMO, doenga em atividade, infecgdo fungica prévia, sobrecarga de ferro e
neutropenia por mais de 3 semanas sao fatores que aumentam o risco de DFI,
assim como DECH aguda graus llI-1V, ndo responsiva a corticoide e seguida de
DECH cronica, aumentam o risco infeccéo por fungo filamentoso apds a enxertia da
medula.[162] Além disso, para definir qual antifungico profilatico usar, € importante
que cada centro tenha seus dados epidemioldgicos. Desta forma, de acordo com o
consenso europeu, no periodo pré pega da medula, em grupos de baixo risco para
infeccdo por fungo filamentoso, pode-se utilizar a estratégia combinada de
fluconazol com biomarcadores.[163] No entanto, se a incidéncia é alta, estao
recomendados voriconazol ou posaconazol.[163, 164] Estes ultimos também estao
indicados no periodo pds enxertia. Entre as equinocandinas, apenas a micafungina
foi analisada em estudo randomizado comparada com fluconazol, sem mostrar
diferenga entre os dois grupos.[165, 166] Portanto, esta recomendada em casos de
toxicidade hepatica ou em que ha interacdo medicamentosa com os azdlicos.[167]

Nos pacientes com LLA, a incidéncia de DFI é variavel, entre 7% e 12%.[5, 168]
No entanto, apesar da alta frequéncia, ndo ha recomendacgéao formal para o uso de
profilaxia antifungica principalmente pelo risco de interagdo medicamentosa com os
alcaloides como a vincristina que esta presente em muitos protocolos de tratamento
da leucemia linfoblastica aguda.[169]

A incidéncia de DFI em pacientes submetidos ao TCH autélogo € menor quando
comparada ao alogénico, sendo descrito na literatura como menor do que 2%.[170]
Os individuos que desenvolvem mucosite, apresentam risco elevado de candidemia

e, portanto, a profilaxia primaria com fluconazol deve ser considerada.[167]
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2.8Uso racional de antifungicos na hematologia

A resisténcia antifungica tem emergido como um desafio critico no manejo da DFI,
especialmente com o aumento de espécies resistentes de Candida spp. e
Aspergillus spp..[171, 172] A resisténcia a Candida esta frequentemente associada
ao uso inadequado ou excessivo de antifungicos, tanto na profilaxia quanto no
tratamento empirico.[28, 173] Além disso, fatores relacionados ao meio ambiente,
como o uso de fungicidas na agricultura, tem contribuido para o aumento de
espécies de Aspergillus fumigatus resistente aos azolicos.[174] Portanto, a
monitorizagdo continua dos padrbes de resisténcia local e global é essencial para
prevenir a DFI, orientar a escolha terapéutica, assim como o diagndstico rapido e
preciso através de exames de imagem, biomarcadores e técnicas moleculares.[175,
176] Além disso, a prescri¢gao inadequada de antifungicos pode resultar no aumento
da toxicidade, interagdes medicamentosas e elevacdo dos custos no sistema de
saude.[176] Uma das estratégias utilizadas para mitigar esses problemas sao os
programas de gerenciamento do uso de antifungicos.[175, 177] Através deles busca-
se como objetivo promover a prescricdo adequada, baseando-se em evidéncias
clinicas e microbioldégicas para assegurar a eficacia do tratamento e minimizar
efeitos adversos.

Portanto, a constante atualizagdo médica no manejo da DFI é fundamental, dada
a introducdo de novas terapias e a evolugéo dos perfis de resisténcia dos patogenos
sendo necessario estar atento as diretrizes atuais e as caracteristicas
farmacolégicas dos antifungicos disponiveis, incluindo espectro de acao,
farmacocinética e potenciais interacbes medicamentosas.[171, 178] Diante da
identificacdo de lacunas relacionadas ao conhecimento das complicagcbes
infecciosas em pacientes hematoldgicos, das controvérsias relacionadas ao uso de
profilaxia antifungica no TCH autélogo e em pacientes com LMA recebendo
tratamentos menos intensivos, € dos desafios no diagndstico e tratamento da

fusariose invasiva, foram desenvolvidos quatro artigos que discutem esses temas.
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3 OBJETIVOS

3.1 Principal

Identificar lacunas no conhecimento dos hematologistas sobre DFI, gerar evidéncias
sobre o tema e desenvolver ferramentas que otimizem o manejo do paciente

hematolégico com infecgao fungica

3.2 Secundarios

- Avaliar o conhecimento dos hematologistas sobre complicacées infecciosas na
neutropenia febril e no TCH

- Comparar duas estratégias de profilaxia com fluconazol no TCH autélogo

- Revisar a incidéncia e os fatores de risco para DFlI em pacientes com LMA
recebendo quimioterapia intensiva, monoterapia com azacitidina ou em combinagao
com venetoclax, discutir sobre a necessidade de profilaxia antifungica e estratificar o
risco de DFI neste grupo de pacientes

- Desenvolver uma ferramenta que avalie a adesao as diretrizes no manejo da

fusariose invasiva.
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4 METODOLOGIA

Foram publicados quatro artigos como produto desta tese. A metodologia de cada
artigo sera detalhada nos subitens a seguir. Nao houve financiamento em nenhum

dos estudos.

4.1 Artigo 1: “Evaluation of the knowledge of hematologists about the

management of infectious complications in hematologic patients”

Neste estudo foi avaliado o nivel de conhecimento de hematologistas brasileiros
sobre o manejo de complicagdes infecciosas em pacientes hematoldgicos de alto
risco, incluindo aqueles com neoplasias hematoldgicas ou submetidos a TCH. Os
participantes, responderam a dois questionarios online, cada um com 20 perguntas
de multipla escolha, desenvolvidos para avaliar conhecimentos sobre epidemiologia,
profilaxia, diagnostico e tratamento de complicagdes infecciosas, com foco em
neutropenia febril (questionario 1) e manejo de infeccbes em TCH autdlogo e
alogénico (questionario 2). As variaveis categoricas foram expressas em numeros
absolutos e porcentagens e comparadas utilizando os testes de Qui-quadrado ou
exato de Fisher, conforme apropriado. Ja as variaveis continuas foram resumidas
em medianas e intervalos e comparadas por meio dos testes de Mann-Whitney e

Kruskal-Wallis. Um valor de p < 0,05 foi considerado estatisticamente significativo.
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4.2 Artigo 2: “Early versus Late Fluconazole Prophylaxis in Autologous

Hematopoietic Cell Transplantation”

Este estudo retrospectivo foi realizado no Hospital Universitario Clementino Fraga
Filho, Universidade Federal do Rio de Janeiro, Brasil, um hospital terciario afiliado a
universidade. A Unidade de Hematologia possui oito quartos individuais com
fitragem de ar particulado de alta eficiéncia (HEPA) e pressao positiva, e cinco
quartos duplos sem filtragem HEPA. O estudo foi aprovado pelo Comité de Etica do
hospital (Estudo 077-16).

Neste estudo retrospectivo foram revisados os episddios de neutropenia febril em
pacientes submetidos a TCH autélogo entre 1997 e 2017 para tratamento de
neoplasias hematoldgicas. De 1997 a 2003, a profilaxia antifungica com fluconazol
(400 mg/dia) era iniciada precocemente, durante o regime de condicionamento, e
mantida até a recuperagédo neutrofilica ou necessidade de terapia antifungica nao
profilatica. A partir de 2004, o fluconazol passou a ser administrado apenas em
casos de mucosite (profilaxia guiada). Dados como caracteristicas clinicas, regime
de condicionamento, duracdo da neutropenia, classificagdo dos episodios febris,
ocorréncia de DFIl e desfechos foram analisados. A hipotese testada foi que a
profilaxia tardia seria tdo eficaz quanto a precoce, comparando-se trés grupos:
profilaxia precoce, tardia e sem profilaxia. As analises estatisticas foram realizadas

com testes de Qui-quadrado, Fisher e Kruskal-Wallis.

4.3 Artigo 3: “Should patients with acute myeloid leukemia treated with

venetoclax-based regimens receive antifungal prophylaxis?”

Foi realizada uma revisdo de todos os artigos publicados sobre a epidemiologia
da DFI em pacientes com LMA tratados com protocolos menos intensos e proposto

uma nova estratificagao de risco de DFI neste grupo de pacientes.
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4.4 Artigo 4: “EQUAL Fusariosis score 2021: An European Confederation of
Medical Mycology score derived from current guidelines to measure QUAL.ity

of the clinical management of invasive fusariosis”

Neste estudo, revisamos as diretrizes da Sociedade Europeia de Microbiologia
Clinica e Doencas Infecciosas (ESCMID) e da Confederacdo Europeia de Micologia
Médica (ECMM), e selecionamos as recomendacdes mais robustas para o manejo
dos pacientes com fusariose. As recomendacgdes foram agrupadas em profilaxia,
diagnéstico, tratamento e acompanhamento, com foco nas recomendacdes de nivel
"A" a "C" para um manejo ideal. A secao de diagndstico recebeu maior peso devido a
sua importancia para o prognostico, sendo subdividida em exames de imagem,
exame direto e cultura de sangue e lesdes cutaneas, histopatologia, testes
sorolégicos, identificagdo de espécies e testes de susceptibilidade. A seg¢do de
tratamento incluiu opg¢des de primeira linha, terapias adjuvantes, desbridamento
cirurgico, transfusao de granuldcitos e uso de fatores estimulantes de colbnias. Ja o
acompanhamento foi baseado no monitoramento da resposta ao tratamento por

meio do teste de galactomanana sérica.

5 RESULTADOS

Os resultados desta tese foram divididos em quatro artigos publicados que estéo

descritos a seguir.
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5.1 Artigo 1: “Evaluation of the knowledge of hematologists about the

management of infectious complications in hematologic patients”

O estudo analisou 289 respostas no total. A maioria dos participantes era de
meédicos da regido sudeste do Brasil e trabalham em ambos os sistemas publico e

privado de saude. A pontuagao mediana foi 5,0 em ambas as pesquisas.

No questionario 1, sobre neutropenia febril, destacou-se o baixo conhecimento
sobre ajuste de dose de cefepima (8% de acertos) e a indicagdo de profilaxia
secundaria para candidemia (16% de acertos). Por outro lado, as questbes com
maiores numeros de acerto foram aquelas sobre os principais agentes de
bacteremia por Gram-negativos (82%) e sobre o manejo de candidemia em
pacientes com hemocultura positiva (80%). Os hematologistas que trabalham com
TCH assim como clinicos mais jovens (menos de 40 anos) foram aqueles com

pontuacdes mais altas.

No questionario 2, sobre complicagdes infecciosas no TCH, as questbes com
menor acerto foram sobre manejo de infeccdo por citomegalovirus e do
isavuconazole como uma alternativa de tratamento da mucormicose. Assim como no
questionario 1, médicos hematologistas que atuam com TCH tiveram melhor
desempenho em questbes sobre infec¢des virais e fungicas, com pontuagéo
mediana de 6,0, comparado a 4,5 para os que tratam apenas neoplasias
hematolégicas. Nao houve diferenga significativa entre categorias profissionais
(médicos, residentes e professores), mas quando analisado algumas questdes de
forma individual, professores acertaram mais em questdes especificas, como
culturas positivas para C. krusei. A idade nao influenciou significativamente os

resultados.

5.2 Artigo 2: “Early versus Late Fluconazole Prophylaxis in Autologous

Hematopoietic Cell Transplantation”

Durante o periodo do estudo, foram realizados 583 TCHs autélogo em pacientes

com neoplasias hematologicas. Foram excluidos 12 pacientes que receberam outros
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regimes de profilaxia (itraconazol, voriconazol ou posaconazol), sendo entdo
analisado 571 TCHs em 559 pacientes, dos quais a idade mediana foi de 49 anos e
56,2% eram homens. As doengas de base mais frequentes foram mieloma multiplo
(54,1%), linfoma de Hodgkin (24,0%) e linfoma n&o Hodgkin (18,2%). A profilaxia
com quinolona foi usada em 44,6% dos casos, e a profilaxia com fluconazol em
66,9% (270 precoce e 112 com tardia). O esquema antibiético mais comum na
neutropenia febril foi a monoterapia com cefepima (83% dos episddios). A terapia
antifungica nao profilatica foi necessaria em 8,9% dos casos, principalmente para
terapia empirica, candidiase oral ou DFI. A duragdo mediana da neutropenia foi de 8
dias, e a mortalidade geral foi de 5,4%. DFI foi diagnosticada em 3,3% dos TCH,

incluindo 7 episddios de candidemia.

Foram comparados os trés grupos de profilaxia (precoce, tardia e sem profilaxia),
e, como esperado, a mucosite oral foi menos frequente no grupo que nao recebeu
profilaxia (39,2%) em comparagdo com os grupos de profilaxia precoce (66,5%) e
tardia (79,5%). A duracdo mediana da profilaxia com fluconazol foi de 17 dias no
grupo de profilaxia precoce e 6 dias no grupo de profilaxia tardia. Candidemia
ocorreu em 1,8% dos casos no grupo de profilaxia precoce, em nenhum caso no
grupo de profilaxia tardia e em 1,1% no grupo sem profilaxia, sem diferenga
estatisticamente significativa. Nao houve diferencas na taxa de mortalidade entre os

trés grupos.

5.3 Artigo 3: “Should patients with acute myeloid leukemia treated with

venetoclax-based regimens receive antifungal prophylaxis?”

Neste artigo revisamos na literatura os fatores de risco para DFI em pacientes
com LMA tratados com protocolos intensos, com hipometilantes e com esquemas
baseados no uso de venetoclax. Além disso, exploramos os problemas relacionados
ao uso de antifungicos como toxicidade e interagdo medicamentosa.

Com base nos dados encontrados, discutimos que a profilaxia antifungica n&o
deve ser aplicada de forma universal a todos os pacientes com LMA tratados com
regimes baseados em venetoclax. Portanto, sugerimos uma estratégia de

estratificacdo de risco considerando fatores como quimioterapia prévia, neutropenia
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no inicio do ciclo, grupo de risco da LMA, probabilidade de resposta completa, LMA
recidivada/refrataria, LMA secundaria ou relacionada a terapia, mutacdo TP53 e
condi¢gdes clinicas do paciente. Além disso, aspectos epidemiologicos locais e
fatores de risco previamente estabelecidos para DFI (uso de corticosteroides,

comorbidades, exposi¢do ambiental) devem ser considerados.

5.4 Artigo 4: “EQUAL Fusariosis score 2021: An European Confederation of
Medical Mycology score derived from current guidelines to measure QUAL.ity

of the clinical management of invasive fusariosis”

Na criacdo da ferramenta EQUAL para avaliar a aderéncia as diretrizes para
manejo dos pacientes com fusariose foram atribuidos pontos para cada
recomendacgao. Pacientes neutropénicos ou receptores de TCH com cultura positiva
para Fusarium em lesbes cutaneas superficiais, recomenda-se profilaxia ativa com
voriconazol ou posaconazol (1 ponto). Nos pacientes com histérico de fusariose
invasiva que serao submetidos a novos periodos de imunossupressao devem
receber profilaxia secundaria com voriconazol, posaconazol ou formulacdes lipidicas
de anfotericina B (1 ponto). Na presenca de febre persistente ou recorrente, apesar
do uso de antibidticos de amplo espectro, deve-se coletar hemocultura (2 pontos) e
solicitar tomografia computadorizada de térax e seios da face (2 pontos). Lesdes
cutdneas (papulas ou nodulos eritematosos com necrose central) exigem bidpsia,
com exame microscopico direto (2 pontos) para diagndstico presuntivo rapido.
Cultura (2 pontos) e histopatologia (2 pontos) de tecidos também sao fortemente
recomendados. Testes soroldgicos, como galactomanana (1 ponto) e 1,3-beta-D-
glucano (1 ponto), podem ser uteis antes do surgimento de manifestagdes clinicas. A
identificacdo de espécies por MALDI-TOF ou RCP (1 ponto) e testes de
susceptibilidade antifungica (1 ponto) tém relevancia epidemiolégica, mas nao sao
essenciais para o tratamento. Com relagdo ao tratamento, a primeira linha inclui
formulagdes lipidicas de anfotericina B ou voriconazol (2 pontos), com a opg¢éo de
terapia combinada (voriconazol + anfotericina B lipidica) (2 pontos). Em casos de

infeccao local com tecido necrético, o desbridamento cirurgico € recomendado (2
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pontos). Medidas adjuvantes, como fatores estimulantes de colénias (G-CSF ou GM-
CSF) e transfuséo de granuldcitos (1 ponto), podem ser utilizadas para tentar auxiliar
na recuperacao dos neutréfilos. Se ao diagndstico, a galactomanana era positiva,
recomenda-se 0 monitoramento (2 pontos). Essas recomendagdes visam otimizar o
manejo da fusariose invasiva, considerando aspectos clinicos, diagnosticos e

terapéuticos.

6 DISCUSSAO

A DFI é uma complicagdo frequente e grave que tem impacto negativo na
sobrevida dos pacientes hematolégicos.[3, 4] Nos quatro artigos publicados foram
discutidos pontos relevantes como: (1) a importadncia do conhecimento sobre as
infeccbes bacteriana, fungicas e virais no manejo adequado dos pacientes, (2) o
desafio da atualizagdo médica constante, (3) estratégias de profilaxia antifungica e
uma nova estratificacdo de risco de DFI em pacientes com LMA, (4) o uso racional
de antifungicos com o objetivo de reduzir resisténcia, toxicidade e interacao
medicamentosa e, (5) aderéncia as diretrizes como forma de melhorar o diagnostico
e tratamento da DFI.[179-182]

Diferentes estudos ja utilizaram questionarios para avaliar o nivel de
conhecimento dos médicos em diferentes cenarios.[183, 184] Na hematologia, o
foco tem sido identificar as praticas de manejo de pacientes hematoldgicos adultos e
pediatricos, e ndo a avaliagdo do conhecimento especifico sobre determinado tema.
[183, 185] Ao utilizar dois questionarios com perguntas direcionadas para diferentes
temas relacionados a infeccdo em pacientes hematologicos, identificamos as
lacunas no conhecimento dos hematologistas sobre o diagndstico, tratamento e
profilaxia das infecgées. Com base nos achados do estudo, foi possivel evidenciar a
importancia de desenvolver atividades de educagao continuada com foco no manejo
das infecgbes fungicas invasivas em pacientes hematoldgicos, por meio de cursos
de atualizagéo online, simulagdes clinicas interativas, revisdes de casos guiadas por

especialistas e cursos multidisciplinares nos centros que integrem hematologistas e
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infectologistas visando a implementacéo de protocolos baseados em evidéncias e a
melhoria dos desfechos clinico.

Com relagao ao uso da profilaxia antifungica, questionamos o uso de fluconazol
no TCH autdlogo e em pacientes com LMA tratados com protocolos de baixa
intensidade.[182] O uso de antifungico profilatico no TCH autdlogo é realizado de
forma rotineira em muitos centros sem utilizar uma avaliagdo de risco guiada pela
presenca de mucosite, principal fator de risco para candidemia.[186, 187] Por isso,
ao comparar duas estratégias de profilaxia (precoce e tardia), mostramos que: a
incidéncia de candidemia nao foi diferente entre os grupos que receberam profilaxia
precoce ou tardia com fluconazol, a duragdo média do uso de fluconazol foi
significativamente menor no grupo de profilaxia tardia, e que a DFI é infrequente no
transplante autélogo. Portanto, o uso do fluconazol guiado pela presenca da
mucosite reduz o uso desnecessario de antifungicos e pode minimizar o risco de
resisténcia fungica. Da mesma forma, diferente da estratificagcao de risco de DFI em
pacientes com LMA recebendo tratamento intensos que ja existe, ndo ha até o
momento uma discussao sobre profilaxia antifungica com protocolos menos intensos
usando venetoclax e hipometilantes o que culmina com a prescrigdo universal de
antifungico.[63] Considerando que a epidemiologia da DFI neste grupo de pacientes
€ heterogénea e que os fatores de risco podem ser diferentes daqueles tratados com
protocolos intensos, foi realizado uma revisdo sobre com o tema e proposto uma
nova estratificacdo de risco de DFIl baseada nas caracteristicas do hospedeiro, da
doenga e do meio ambiente.[180] Ao questionar o uso universal da profilaxia,
abordamos os possiveis problemas relacionados ao uso continuo de antifungicos
como interagbes medicamentosas, toxicidade e aumento de resisténcia fungica e
sugerimos estratificar em dois grupos de risco para DFI, baixo e alto, que auxiliam
na decisao de iniciar profilaxia na beira do leito. Ambos os estudos, reforcam a
importancia de avaliar individualmente o risco de DFIl e adaptar as estratégias de
profilaxia conforme o contexto clinico com o objetivo de usar racionalmente os

antifungicos.

Por fim, criamos o "EQUAL Fusariosis score”, uma ferramenta util para avaliar a
qualidade do manejo da fusariose invasiva que € uma DFIl prevalente no Brasil
comparada a outras regides, tem alta mortalidade e de dificil tratamento.[14, 55]

Com base nas diretrizes das sociedades europeias de micologia, o artigo enfatiza a
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importancia do diagndstico precoce e preciso, além do tratamento adequado, para
melhorar os desfechos dos pacientes.[53, 140] A fusariose, assim como outras DFI,
requer um alto indice de suspeigdo clinica e o uso de métodos diagnosticos
avancados, como biomarcadores e técnicas moleculares.[140] A implementagao do
“‘EQUAL Fusariosis Score” pode ajudar a padronizar praticas clinicas, garantindo que
0s pacientes recebam o manejo mais adequado, baseado em evidéncias.[179]
Outras ferramentas como esta também foram desenvolvidas para avaliar o manejo
de candidemia, aspergilose invasiva, mucormicose e criptococose e estao

disponiveis em diferentes idiomas.[188-191]

7 CONCLUSAO

1) Avaliar o conhecimento dos hematologistas sobre complicagoes
infecciosas na neutropenia febril e no TCH
A pontuacao baixa na avaliagdo do conhecimento sobre DFI mostra a
necessidade de atualizagdo médica em DFI e uma oportunidade para iniciar

programas de educagado continuada (hematologia e infectologia).

2) Comparar duas estratégias de profilaxia com fluconazol no TCH
autologo
O uso racional de antifungicos reduz resisténcia, toxicidade e o risco de

interagdo medicamentosa sem comprometer a mortalidade no TCH autdlogo.

3) Revisar a incidéncia e os fatores de risco para DFI em pacientes com
LMA recebendo quimioterapia intensiva, monoterapia com azacitidina ou
em combinacao com venetoclax, discutir sobre a necessidade de
profilaxia antifingica e estratificar o risco de DFI neste grupo de

pacientes
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Em pacientes com LMA tratados com venetoclax € necessario adequar as
estratégias de profilaxia antifungica através de uma nova estratificacao de

risco de DFI

4) Desenvolver uma ferramenta que avalie a adeséo as diretrizes no
manejo da fusariose invasiva.
A adesao as diretrizes € uma forma de otimizar diagndstico e tratamento da
fusariose invasiva.
A utilizacdo de ferramentas que auxiliem no diagndstico da DFI pode ter

impacto na mortalidade dos pacientes

Em sintese, esses quatro artigos destacam a conexao entre o conhecimento
sobre DFI, o uso racional de antifungicos, a profilaxia individualizada e o diagndstico
preciso. A educagao continuada com atualizagdes constantes, a adocdo de
estratégias de profilaxia baseadas em risco e a implementagao de ferramentas de
avaliacdo da qualidade do manejo sao essenciais para otimizar o cuidado de
pacientes hematologicos em risco de DFI e reduzir a morbimortalidade associada a
essas infecgdes. Além disso, esses estudos sdo a base para o desenvolvimento de
projetos no futuro como a validacdo do escore de risco de DFI em pacientes com
LMA tratados com venetoclax, avaliacdo na pratica da aderéncia as diretrizes de
fusariose utilizando o “‘EQUAL” e promover atividades de educacgido continuada
sobre DFI.
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Introduction: Infection is a senous complication among patients with hematolegic malig

nancies [His) and in hematopaietic cell tmnsplant (HCT) recipients. In most centers, the
management of these complications is provided by the hematologist i person, thus
demanding a knowledge of basic aspects of infection.

Fdechods: To evaluate the knowledpe of the hematclogist on infectians, we invited clindcians
to answer twa questionnaires with 20 multiple-choice questions covering epidemialogy,
prophylaxis, diagnosis and treatment of infection in patients with HMs and HCT.

Results: We obtained 289 answers: 232 in sureey 1 [febrile neutropenia) and B6 in survey ¥
[tnfection tn HCT). The median score was 5.0 in both surveys (ange 0% - 2.0). In survey 1,
the guestions with the lowest number of correct answers were Q3 (8%}, concerning the
cefepime dose, and Q1 (9%}, which asked about the epidemiologic link between the use of
high dose cytamabine and viridans streptococcal bacteremia. In surwey 2, two questions
about cytomegalevirus (CMY) infecton had the lowest percentage of correct answers (04,
12% and 11, 18%). Chinicians attending to HCT recipients had higher scores, compared to
clinicians attending ta patients with HM anly (median score of 5.0 and 4.5, p = 003, in sur.

vey Land 60 and 4.5, p = 0.041, in survey Z}. In both surveys staff clinicians, residents and

prodfessars had s
Conclusion: This
infectious comphications. The low median score overall indicates an urgent need far contin-
ugus educattan. Such initiatives will eventually result in better patsent cars

Lar sores
the first study in Brazil assessing the knowledge of hematolagists on
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malignancies [HMs=) receiving intensave chematherapy or
hematopaietic cell transplantation [HCT), with hiph modbidity
and mortality rates. * Infectzon in this scenarne may be caused
by bacteria, fungs, wiruses and  parasites, with clinical
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manifestations that are usually non-specific. At maost centers,
the management of infectious complications is provided by
the hematologst in person, thus demanding a knowledge of
basic aspects of infection. However, hematalogists are already
overwhelmed by the large amount of new information regard-
ing the management of the underlying hematolegic diseases.
O the other hand, major adwances in the management of
infectious diseases have pocurred, including improvements in
culture and identzhcation of microorganisme,” new bio-
markers and diagnastic tools,” new antimicrobial drugs,” con-
cepts of pharmacokinetics and  pharmacodymamics  of
antimicrobdal agents’ and therapeutc drug monitoring,’
amang athers. Therefare, managing mnfection in hematologee
pati=nts represents a great challenge.

One af the most impartant activities to imprave the quality
of patient care is education. However, to promaote adequate
educational programs, it is important to know possible gaps
in the knowledge of different aspects of infection to develop
targeted educational activities. With this aim, we performed a
web-based survey with two questonnaires to evaluate the
level of knowledge of the hematology community on infec-
tous camplications in febrile neutropenia and HCT.

Materials and methods
Study pepulation

We inwited clinicians from differant parts of Brazil to answer a
survey to evaluate the level of knowledge on the management
of infactious complications in high-risk hematelogic patients.
The clinians had to hawe experience in treating patients
with hermnatologic malignancies andfor patients undergoing
HCT. The recruiting of responders was perdformed by an
announcement in the ABHH (" Associarao Brasileira de Hema-
tologia & Hemaoterapia® — Brazilian Scciety of Hematology and
Elopd Transfusions) website. The participation in the survey
was valuntary and anonymaous and included hematologists
from public and private centers.

Suruey

Two guestionnaires were developed, bath with 20 multiple-
chaice guestions covering areas of the epidemiolagy, prophy-
laods, dimgnasis and treatment of infectious complications in
hematologic patients. The first questionnaire [survey 1) was
intended to avaluate the knowledge of hematologists in the
managerment of febrile neutropenia. This incleded the most
frequent pathogens causing infection and the recognition of
clinical syndromes and strategies of antibiotic and antifungal
prophylaas and treatment. The second gquestionnaire (survey
2y covered topics related to the management of mfectious
complications in autologous and allogeneic HCT. The gues-
tons were built by one of the authors (M) and the selaction
of the correct answers was made by the same author, based
on hizs personal experience. We also collected basic sociode-
mographic data on hematologists, such as age, gender,
region, hospital type {public or privats], clinician category
[resident, staff clinician or professor] and the main area of
clinical practice (HM or HCT). Each correct answer was scored

a5 0.5, up to the maximum score of 10 points. The full survey
instrument is awvailable in Supplementary fles 1 and 2. The
guestionnaires were provided to hematologists as an online
toad, using the Survey Maonkey platform.

Statistienl analysie

We calculated the median score obtained by each participant
and compared scores according to the main area of clinical
practice, clinician category and age group (= 30 years, 31 - 40,
41 - 50, 51 - 60 or = 61 years old). Categorscal variables were
expressed as absolute numbers and percentage and were
compared wsing Chi-square ar Fisher"s exact test, as appropri-
ate. Continuous variables were summarized as medians and
ranges and compared using the Mann-Whitney and the Krus-
kal-Wallis test. A p-value < 005 was considered statistically
significant Databas= creation and statistical analysss were
performed using the SPSS wersson 1.0 {[BM, Armoank, NY,
USAY This research did not recetve any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectars,

Results

During the study period, we obtained 289 answers: 273 in sur-
vey 1 and 66 in survey 2. Demographec characteristics of par-
ticpants are summarized in Table 1. The median age of
participants in surveys 1 and 2 was 38 [range 23 - 68} and 36
[range 26 - £3), respectively. Most clinicians were staff physi-
cians working with HM in both public and privats haspitals.
The majority of respondents were from the southeast region
of Braxil. Overall, the median score was 5.0 in bath surceys
[range 0.5 - 5.0}

Surwey 1: febrile neutropenia

Orerall, seven gut of the 20 guestons evaluated the knowl-
edge of clinicians regarding the epidemiology, diagnosis and
management of bacterial infections and 153 focused on inva-
sive fungal diseases (IFDs]. Among the seven questions deal-
ing with bacterial disease, the lowest percentage of correct
answers [8%) was question Q3. The guestion asked if cefe-
pirne should be given at a fixed dose and schedule or if the
dase should be individualized, based on body weight and cre-
atinine clearance. The second question with a low percentage
of carrect answers (95%) was guestion Q1, which asked aboat
the epidemiclogic link between the uwse of high-dose cytara-
‘bine and wiridans streptococcal bactsremia.

Concerning [FDs, question Q20 had the lowest peroentage
of correct answers [16%). In this question, we asked if second-
ary prophylaoas was indicated for pattents with a previous
episade of candidemia. Most of the hematologists (B5%)
answered that secondary prophylasas wath fluconazole was
needed. The guestion with the highest percentage of correct
answers was O7F; E2% of clinician=s answered that Preudomonas
aeruginosa, Klebsiello sp. e Escherichio coli are the leading agents
of Gram-negative bacteremia in febrile neutropenia. The sec-
ond guestions with the highest percentage of correct answers
[B0%) tested the skills of clinicians in the management of
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Table 1 - Demograpk

Characternstic Survey Ln=22% Survey In= 66
Befediar age range) 33 |33 - 6EH| 3g |26 - B3)
Gender {mialefemale] L1132 2540
Fhysician categary”’

Resident 3817 17 (38

seaff 151 [BE) 35 [55)

Frodessar 14 8] 3 (1)
Type of pattent attended to by physician

Hematcloge malignancy 145 {B5) 31 [&7)

Hematopoiete cell trans plantabon 2310 13 20

Eath 55|25 3239
Type af haspital™

Fultilic 75 (34) 5 [36)

Frivate 38 (17 1n15)

Eath 09 [43) 30 145
Regian

Southaast 134 |B0) 47 71

Scuth 314 4 8]

Martheast 3 1m 13

fidwst 15 7]

Marth 302 13

Murnbers in parentheses mpresent percentages unless specifed.

" Missirg dary in 19 paiicipants is suevy 1 and oo in Susiey 2
** Mlsskng datsin 1 parteipant in sursey 1
™ Mlising dets 5 15 partispans i sarvey 1and 13 in surey L

patients with a pesitive blood culture for yeast ({J1E) and G4
{primary therapy for invasive aspergillosis).

Owverall, staff clinicians (4.5, range 0.5 - 9.0), residents
{54, range 2.0 - 80) and professors had similar scores
(1.0, ranpe 1.5 - 7.5, p = 056). On the other hand, when we
analyred individual questions, zome differences were
observed. In Q12 (discontinuation of antibiotics after
engraftment in autolegous HCT) the rates of correct
answers were 56%, 32% and 11% for residents, staff clini-
cians and professors, respectively [p = 0.00%). Likewise, in
05 [knowledge on characteristice of different antifungal
agents], staff clinicians had the highest rates of correct
answers {51%, compared ta 47% for residents and only 14%
for professors, p = 002 [T ).

The median scores of clinicians attending to HCT recipi-
ents were higher, compared to clinictans attending to
patients with HM only (5.0, range 1.5 - 7.0vs. 4.5 range 0.5 -
9.0, respectively, p=0.03). A=z shown in Tabkle 2, in four ques-

tions, clinicians attending to HCT recipients had signif-
cantly higher percentages of comect answers, compared to
clinicians attending to HM only: guestion QE, testing knowl-
edge on amphotencin B (0% vs. 46%, p = 0.04); question 0140,
which asked about the management of fever, skin rash and
dyspnea in autclogous HCT [67% vs. 49%, p = 0.01}; question
Q14 (primary therapy of invasive aspergillosis, B8% vs. 75%,
p = .02), and; guestion {15 (skin nadules representing the
first clinical manifestation of invasire fusariosis (FE% vs
G5%, p=0.05).

We alse observed a significant difference in the median
scores by age group: 5.0 frange 2.0 - 8.0) for clinicians < 30 years
ald, 5.0 (range 1.5 - 9.40) for those between 31 and 40 years old,
4.5 (range 0.5 - 8.0] for thos= between 41 and 50 years, 4.0

frange 1.5 - 7.5) for those between 51 and &0 years and 3.0
{range 1.5 - 6.5) for clinicians = &0 years old (p < 00007]

Suriey 2: infectivus complications in HCT

The 20 guestions of survey 2 covered topics on bact=ral (6
questions), fungal (7 gquestions) and viral [7 questions) infec-
tions. As shown in Table 3, among the three questions with
the lowest percentages of correct answers, twa tested the
knowledge of dlinicians on the management of cytomegalovi-
rus (CWV) infection in HCT (04, 12% and (11, 18%), the third
being on the treatment of IFDs (18, 17%), and moast respond-
ents did not know that isavuconazole is an option for the pri-
mary treatment of mucormycosis. On the other hand,
questions on the correct diagnosis of bactenal infections and
antibiotic use had the highest percentages of correct answers:
Bl% in Q19 [proper dizgnosis and management of neutrope-
nic enterocolitis), 79% in Q8 (no activity of meropenem
against methicillin-resistant Stophylomoccus ourews) and 77% in
Q10 (fengrafiment syndrome past autelogous HCT).

When we analyzed the scores acrass different groups, no
statistically significant difference was abserved, when com-
paring staff clinicians, residents and professors (5.0, range 0.5
- &0, 5.0, range 3.0 - 6.5, and 4.5, range 3.5 - 8.5, respectively,
P = 0.53). However, looking at individual questions, some dif-
ferences were observed (Table 3). In Q2 [positive blood culture
far C. kruser), all nine professors answersd correctly, com-
pared to 47% of staff cinidans and 35% of residents (18%,
p= 0005}

Comparing clinicians working with HCT or HM only, the
median scores were 6.0 {range 3.5 — 90} and 4.5 {mnge 4.5 -
9.0, respectively (p = 0002). In three questions regarding wiral
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tage of correct answers in {febrile neutropenia) regarding physician and main area of

Fhysician category Area of clinical practice
Cuestion Chverall Resident Staff Professor P-value HM HCT ar both P-valu=
al 2 5 15 | L4 04T 4] Ll Qa7
a2 51 Ed 43 43 o1& &E 56 035
a3 E 13 7 [ 023 B -] a5
04 71 59 3 Ed 010 72 T L F--
Qs 3 41 51 L4 o0z 47 44 DEd
QB8 crl 54 34 16 oar 4 42 a1
a7 B2 - 81 75 085 B2 g2 100
]} L% | 49 S | 028 &6 El .04
Qs 24 e 23 i6 51 2 e | 03]
QLo 55 (= 54 50 (K &3 &7 aol
a1l & 3 EE 57 o1r 65 T 034
iz ko 5i 32 1 0,003 31 42 Ll -]
QL 21 ple) 23 L4 1T LE 5 a7
Q4 ED a7 75 | 035 75 == ke rl
Qs o 2 B9 75 075 65 T 005
als &7 E] 58 50 0.7 55 55 QES
air = 13 45 43 001 ar 4L 053
Qle ED 7 an 1 o7 B 76 230
s -] 33 41 38 055 -l 4 055
{120 1= -3 15 L4 0.2z 1T 14 054

HM = bematoboge malignancy; HCT = hematopesstic cell transplantation

infections, clmicians working with HCT had higher scores allogeneic HCT, B3% v 52%, p = 0.007). Other questions with
These questions werne Q6 (herpes zoster as the most freguent significant differences were (13 (pasitive blood culture for a
viral infection in the post-engraftment period of autologous
HCT, Gh% vs. 263, p = 8.001), O (risk factors for EBW resc
tion, 80% ws. 58%, p = 005) and Q3] {resp

maoldd, 71% vs. 3%, p = 0.008), Q3 (risk factor for imasive asper-
gillosis after HCT, 53 5. 26 %, p = 0.03} and Q5 {cavses of dif-
ates in allogeneic HCT, 57% vs. 29%, p = (.03}

Wil-

:utnr:( WITUSES LT huse infltr

Table 3 - Percentage of correct answers in survey 2 {infection in hematopoietic cell transplantation) regarding physician
category and main area of clinical practice.

Physician categary Area of clinical practice
Chuesiion Orverall Resident Staff Professor Povalue HK HCT or bath P-value
= &b n=17 n =40 n=9 n=131 n=15

al T T Tz 67 [k L3 4

Q2 51 35 100 0005 42 54

a3 39 9 56 043 % 51

04 12 n o oLy 15 |

Qs 45 9 67 o = 57

Q& L 35 L) 043 5 B5

a7 41 9 32 oz 35 &5

L]} E 2 7B 053 x| BS

Qs 7 55 Tz 7B 050 == B2
Qi 7 2 75 a7 033 7l B3
a1l iB 12 F 22 0r 1& 2
oz BB a2 L3 67 034 ] B3
aLz 1 53 52 7B 03z = 71
Q14 51 41 a0 a3 o3l a2 54
a1s Ed &5 &F 67 0487 s B
s 3B 41 40 22 058 2% ]
air kL E5 i 22 o2 3 &0
Qi i 12 1= a3 0348 1= 14
o1a a0 g2 K] 7B 096 7 B3
Qa3 BB =5 T 67 059 53 B3

HM = bematoboge malignancy; HCT = hematopesstic cell transplantation
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Analyring age groups, the median scores were: 5.0 [range
3.0 - 6.5) for those aged < 30 years, 5.5 (range 1.0 - 9.0) for those
betwe=en 31 and 40 years, 5.0 (0.5 - 8.5) far those between 41
and 50 years, 5.5 {mnge 1.5 - 7.5} for those between 51 and
G0 years and 5.0 {range 4.5 - 5.5) for clinicians = 60 years old,
p =068

Discussion

In the present study, we observed that hematologsts with
daily practice in managing febrile neutrapenia and infection
in HCT had a low owerall score, reflecting the urgent need for
continuous education. In general, we identified gaps in the
management of all types of infection (bacterial, fungal and
wiral], with wrong answers in diagnosis, treatment and
proghylaxis

Other studies have addressed the use of surveys to evalu-
ate the level of the physician knowledge in differsnt scenar-
1os. " This type of study is of great importance to identafy
gape in the knowledge, helping to tailor sducational activi-
ties to a certain community of physicians. Regarding infec-
tion in hematology, two studiss uwsed surveys to svaluate
the practices of antimicrobial management in adults and
children **

Our study focused anly on hematologists warking with Hid
and HCT, yielding several findings regarding gaps in the
knowledge of infectious complications. In sureey 1, we
observed that most clinicians did not know that the dose of
betalactarm antibiotics should be calculated on the basis of
weight and creatinine clearance {033 [n this regard, the use
of a fived dose may result in oversxposure to the antibsotics,
increasing the risks of adverse events, or undersxposure,
resulting in poar response to infection. We also noted a gap in
the knowledgs regarding the epidemiology of bactenial infec-
tions, as mast clinicians were not aware that patients receiv-
ing high deses of cytarabine are at higher rizk of developing
wiridans streptocacc bacterermnia. These bacteria are coloniz-
ers of the aral cavity and the pressnce of mucositis induced
by high-dose cytarabine increases the nsk of bloodstream
infection by this pathogen.’™"

We also cbserved that chinitians bad the mistaken idea
that szcondary antifungal prophylaxis 15 needed in all IFDs
The majority answersd that secondary prophylasis is indi-
cated for patients with a previous episode of candidemia,
when in fact, thers &= no data to indicate that secondary pro-
phylaxis is nesded.” On the other hand, 80% of clinicians
were aware that a positive blood culture for yeast in a patient
with febrile newtropenia should prompt the immediate indtia-
tion of approprate antifungal therapy.

In survey 2, the guestions with the lowest rate of correct
answers were an CMV infection, which might reflect the
heterogensity in current clinical practicss across different
institutions. In 04, almost 30% of clinicians did not know
that gancclovir increases the risk of bacteral and fungal
infection'” and 4%% did not know that acyelaovir at high
doses may prevent CMV infection " Another aspect that
deserves attention 15 the CMV surveillance in allogeneic
HCT, as only 18% answered question (11 comrectly. The Chiy’
surveillance after allagenesc HCT should be performed

weekly, at least untal day +100, and should be extended
beyond day «100 in patients with graft-versus-host disease.
Our survey also identified & gap in knowledge on new dregs
to treat [FDs (G7 and Q18). Isavuconazole is a broad-spec-
trum azale approved as primary therapy for bath mvasive
aspergillosis and mumrmyl:n:is.":

Finally, we found some differences in knowledge when we
analyzed scores across groups. In both surnveys, although we
did not find a statistically significant difference in overall
scores between staff chinicians, residents and professors, we
gbserved that in individual questions, staff chinicians seemed
to have more experience than residents and professars. This
muight be explained by the fact that staff clinicians attend to a
larger number of patients, which gives them more sxpertise.
Furthermore, as we expected, hematologists working in both
areas [HCT and HM) had the highest score. In addition, if we
look into individual guestions, hematologists working with
HCT had the highest percentapge of adeguate answer regard-
ing viral infections, probably becauss CMV and EBV infections
are more comimon in this sstting. Age groups were also ana-
hyzed and, in survey 1, we observed that clinicians < 40 years
of age had the highest scores, probably reflecting the fact that
younger hematalogists, having graduated recently, may be
more updated with new information.

In our survey, the guestions and the selection of the cor-
rect answers were made by one of the authors, based on his
personal experience in managing infection in hematolagic
patients in Brazil over 30 years. This likely reduced potential
influences of local epidemiologic differences an the selection
af correct answears by the participants.

A major imitation of our study is that sinoe the participa-
ton was woluntary, clinicians with less expertise could have
declined the invitation. In this regard, it is possible that the
overall score could be even lower if there was no selection
bias. Moreover, we did not have the information about the
number of years of experience of clincians in treating
pati=nts with HM andf/or undergaing HCT.

Conclusion

In conclusion, gur study allowed us to ddentify important
gaps in the knowledge of Brarilian hematolagists regarding
the management of infectious complications in patients
undergoing chemotherapy or HCT. These data indicate that
there is an urgent need for continuous medical education in
the field, as well as guidance for management of infection
which takes into account local epidemiclogic aspects. In
this regard, the development of Brazilian guideline for the
management of febrile neutropenia and the creation of an
educational program addressing the management of infec-
tion in hematologic patients may improve clinician knowl-
edge and patisnt care.

Conflicts of interest
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Supplementary file 1: Febrile neutropenia questionnaire

1. A patient developed febrile neutropenia after having received high-dose
cytarabine. The microbiology laboratory informs that a Gram-positive organism is

growing from blood cultures. What is the most likely microorganism?
a) Staphylococcus aureus

b) Streptococcus pneumoniae

c) Streptococcus mitis

d) Enterococcus faecalis

e) Staphylococcus epidermidis

Correct answer: C

The most frequent Gram-positive bacteria causing bloodstream infection in febrile
neutropenic patients are coagulase-negative staphylococci, Staphylococcus aureus
and viridans streptococci (including Streptococcus mitis). The latter organisms
colonize the oral cavity and patients with oral mucositis are at increased risk of

bacteremia due to viridans streptococci.'

2. A patient presents relapse of acute myeloid leukemia 6 months after having
obtained complete remission with a “7+3” induction regimen and 2 cycles of
consolidation with high-dose cytarabine. Treatment of relapse with FLAG-Ida
(fludarabine, cytarabine, filgrastim and idarubicin) is planned. Which prophylactic

regimen is more important in this context?
a) Sulfamethoxazole-trimethoprim

b) Acyclovir

c) Ciprofloxacin

d) Posaconazole

e) lvermectin
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Correct answer: D

Patients with acute myeloid leukemia are at high risk for invasive fungal disease,?
and posaconazole is the agent of choice.® Prophylaxis for Pneumocystis jirovecii
pneumonia is usually not recommended in patients with acute myeloid leukemia.*
The use of a quinolone is optional. Regarding acyclovir, reactivation of herpes
simplex is less relevant than the development of an invasive fungal disease. Routine

prophylaxis for strongyloidiasis is not supported by randomized studies.®

3. Your patient develops febrile neutropenia and you prescribe cefepime. What dose

and schedule do you choose?

a)2glva8/8h

b) 1 g IV 6/6h

c) | calculate the dose according to body weight and creatinine clearance
d)2glVv12/12h

e) | calculate the dose according to the body surface area

Correct answer: C

Pharmacokinetic and pharmacodynamic studies have established the following
parameters to calculate the dose, schedule and duration of infusion of betalactam
antibiotics: body weight, creatinine clearance and the minimum inhibitory
concentration of the bacteria causing infection.® On the other hand, neutropenic
patients may present with low (e.g., patients with multiple myeloma) or high
creatinine clearance (children and young adults receiving hyperhydration for
chemotherapy). The administration of betalactam antibiotics at a fixed dose may

result in under or overexposure to the antibiotic.

4. A patient with a diagnosis of acute myeloid leukemia is admitted for induction
chemotherapy and presents with dyspnea. The white blood cell count is
125,000/mm?®, and platelet count is 8,000/mm?®. A chest CT scan shows diffuse

alveolar infiltrates and pleural effusion. What is the less likely diagnosis?
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a) Invasive aspergillosis

b) Leukemic infiltration in the lungs
¢) Pulmonary hemorrhage

d) Bacterial pneumonia

e) Diffuse alveolar damage
Correct answer: A

Lung infiltrates in patients with acute leukemia have different etiologies, including
leukemic infiltration in the lungs, hemorrhage and infection.” For the differential
diagnosis, two parameters should be considered: timing of the appearance of tung
infiltrates (early or late during the treatment) and the pattern of lung involvement

(localized or diffuse). Invasive aspergillosis presents with localized infiltrates.®

5. Mark the wrong sentence regarding antifungal agents

a) The azoles are the class of antifungal agents with the highest incidence of drug

interactions
b) Posaconazole should not be given together with vincristine

¢) The main indication of posaconazole is in primary prophylaxis in acute myeloid

leukemia

d) Serum levels of voriconazole may suffer variations independent of the route of

administration (oral or intravenous)
e) Echinocandins are active against Candida, Aspergillus and Cryptococcus
Correct answer: E

Among the antifungal classes, azoles have the highest incidences of drug
interactions, by inhibiting the main metabolic pathway of the large majority of drugs
(CYP3A4).2 Vincristine is metabolized by CYP3A4, and the concomitant use of
posaconazole, which is a strong CYP3A4 inhibitor, results in an unacceptable
increase in the risk of neurologic toxicity of vincristine.® Posaconazole is the drug of

choice for primary prophylaxis in acute myeloid leukemia.® The main determinant of
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unpredictable serum levels of voriconazole is polymorphisms in the CYP2C19, the
main metabolic pathway of voriconazole.” The echinocandins are active against

Candida and Aspergillus but not Cryptococcus."

6. An autologous hematopoietic cell transplant (HCT) recipient develops febrile
neutropenia on day +1 and started on piperacillin-tazobactam. On day 4 of antibiotic
the patient remains febrile, but blood cultures are negative, the patient has no
complains and the physical exam is unremarkable. What is the most appropriate

action?

a) Obtain blood cultures and add vancomycin

b) Obtain blood cultures and keep piperacillin-tazobactam

c) Obtain blood cultures and start lipid amphotericin B and vancomycin

d) Obtain blood cultures and change antibiotic to meropenem, vancomycin and

tigecycline
e) Obtain blood cultures and change antibiotic to meropenem
Correct answer: B

Neutropenic patients with persistent fever but clinically stable should keep the
antibiotic regimen unchanged unless there is a new clinical sign of infection or if
blood cultures are positive.”> Furthermore, the median time to defervescence in
febrile neutropenia is five days."™ Therefore, persistent fever in a stable neutropenic
patient is not a criterion for change in the empiric antibiotic regimen. The empiric

addition of vancomycin is not supported by randomized clinical trials.™

7. The most frequent Gram-negative bacteria causing bloodstream infections in

neutropenic patients are:
a) Escherichia coli, Klebsiella and Serratia
b) Pseudomonas aeruginosa, Klebsiella and Escherichia coli

c) Morganella, Proteus and Pseudomonas aeruginosa
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d) Serratia, Acinetobacter and Escherichia coli
e) Pseudomonas aeruginosa, Enterobacter and Proteus

Correct answer: B."16

8. In which situation below would you consider deoxycholate amphotericin B as the

drug of choice?

a) Empiric therapy of candidemia

b) Treatment of invasive aspergillosis

c) Treatment of candidemia in patients who present intolerance to fluconazole
d) Empiric therapy of febrile neutropenic patients

e) None of the above

Correct answer: E

Deoxycholate amphotericin B should not be used in any of these situations in a
hematologic patient because of unacceptable toxicity and because lipid formulations

of amphotericin B have a more favorable safety profile.""'®

9. A febrile neutropenic patient is receiving cefepime. Blood cultures grow methicillin-
susceptible Staphylococcus aureus. The absolute neutrophil count is 50/mm?3. What

is your action?

a) Add vancomycin

b) Keep cefepime

c) Discontinue cefepime and start vancomycin
d) Discontinue cefepime and start oxacillin

e) Add linezolid

Correct answer: B
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Cefepime is a 4" generation cephalosporin with broad spectrum that includes
methicillin susceptible Staphylococcus aureus.” Therefore, there is no need to add
another anti-Gram-positive antibiotic. On the other hand, the betalactam antibiotic
should be continued throughout the episode of febrile neutropenia once a

bloodstream infection was diagnosed.

10. An autologous HCT recipient is on day +10 post-transplant, on the 7" day of
empiric antibiotic therapy for febrile neutropenia receiving cefepime and presents a
new fever after 5 days without fever. In addition, he presents tachypnea, and a skin

rash in the trunk. What is your action?

a) Discontinue cefepime and start meropenem
b) Add voriconazole

¢) Add vancomycin

d) Start ganciclovir

e) Start corticosteroids

Correct answer: E

Engraftment syndrome is a complication of autologous HCT that occurs close to the
engraftment period. Diagnostic criteria include: non-infectious fever (major criterion),
skin rash, lung infiltrates or diarrhea (minor criteria).? Other clinical manifestations
include weight gain and neurologic symptoms. Although in many cases the clinical
manifestations are mild, with spontaneous resolution of symptoms, more severe

cases should be treated with corticosteroids.?’

11. Mark the wrong sentence regarding the different preparations of amphotericin B

a) The efficacy of deoxycholate amphotericin B is superior compared to the lipid

formulations

b) Deoxycholate amphotericin B is the preparation associated with the highest

frequency of renal toxicity
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c) The frequency of acute adverse events (fever, rigors) is similar compared to lipid

complex and deoxycholate amphotericin B

d) Liposomal amphotericin B is the less toxic preparation

e) Anemia may occur as an adverse event of amphotericin B
Correct answer: A

The efficacy of deoxycholate amphotericin B is not superior compared with the other
preparations, but is the one with the highest rates of side effects, that include acute
adverse events (fever, chest pain, rigors, etc.), renal toxicity (including hypokalemia)
and bone marrow toxicity, especially anemia.”® Amphotericin B lipid complex is
associated with less renal toxicity compared with deoxycholate amphotericin B, but
the frequency of acute adverse events is similar. Liposomal amphotericin B is the

preparation with fewer side effects.?

12. An autologous HCT recipient is on day +11, on the 4™ day of cefepime for febrile
neutropenia. Baseline blood cultures were negative, and the absolute neutrophil

count is 1,200/mm?. The patient is afebrile. What is your action?

a) Keep cefepime for three additional days for a total duration of 7 days

b) Switch to ciprofloxacin and keep until a total duration of 10 days of antibiotics
c) Keep cefepime for two additional days after engraftment

d) Discontinue cefepime immediately

e) Switch to ciprofloxacin until discharge

Correct answer: D

When neutropenia is resolved and there was no clinical or microbiologic
documentation of infection, the antibiotic regimen should be discontinued regardless

of the duration of antibiotic therapy.'

13. Mark the wrong sentence regarding galactomannan
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a) The sensitivity in the serum of neutropenic patients is high for the diagnosis of

invasive aspergillosis

b) The test may be positive in invasive fusariosis

c) Serum galactomannan is useful to monitor treatment response

d) A value >0.7 in the bronchoalveolar lavage is diagnostic of aspergillosis
e) High values in the serum are associated with poorer outcome

Correct answer: D

Galactomannan is a polysaccharide released by the cell wall of Aspergillus and a few
other molds. It is an important tool for the diagnosis and monitoring of treatment in
hematologic patients with invasive aspergillosis. In neutropenic patients, the
sensitivity and specificity are >90%.% Although considered specific for aspergillosis,
the test may be positive in other mold infections, including invasive fusariosis.? In a
patient with invasive aspergillosis, fast normalization of serum galactomannan is
associated with treatment success, while persistently positive serum galactomannan
tests indicate therapeutic failure.?® The accepted cutoff for galactomannan in the

bronchoalveolar lavage is 1.0.%

14. What option do you choose as primary therapy for invasive aspergillosis?
a) Voriconazole + anidulafungin

b) Deoxycholate amphotericin B 1 mg/kg/d

c) Deoxycholate amphotericin B 0.7 mg/kg/d + micafungin

d) Voriconazole

e) Liposomal amphotericin B 10 mg/kg/d

Correct answer: D

Voriconazole was superior to deoxycholate amphotericin B in the treatment of
invasive aspergillosis, and is considered the treatment of choice.?” More recently, two
other azoles (isavuconazole and posaconazole) were compared with voriconazole in

randomized trials of non-inferiority, and are considered alternatives to voriconazole in
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the treatment of invasive aspergillosis.?®* Combination therapy with voriconazole
and anidulafungin was not superior to voriconazole alone in a randomized trial.*
Liposomal amphotericin B at a dose of 10 mg/kg/d was not superior to a dose of 3

mg/kg/d and was more toxic in a randomized trial.*'

15. A patient with acute lymphoid leukemia relapses is in the 9th day of antibiotic for
febrile neutropenia. He presents with myalgias, and the physical exam shows three

erythematous nodules in the skin. What is the most likely diagnosis?
a) Infection by Pseudomonas aeruginosa

b) Invasive fusariosis

c) Invasive aspergillosis

d) Chronic disseminated candidiasis

e) Disseminated herpes simplex

Correct answer: B

Skin nodules in a neutropenic patient with acute leukemia are very suspicious of
invasive fusariosis, with myalgia and the appearance of erythematous nodules that
evolve with central necrosis.* The fastest way of establishing the diagnosis is to

perform skin biopsy, with direct exam, culture and histopathology.

16. A neutropenic patient with acute leukemia presents with positive serum
galactomannan and a pulmonary nodule. A diagnosis of invasive pulmonary
aspergillosis is made and treatment is promptly initiated with an azole. A chest CT
scan performed 1 week after the diagnosis shows increase in the volume of the lung

nodule despite treatment. What is your action?

a) Check serum galactomannan and if the values returned to normal (<0.5), | do not

change treatment
b) I add an echinocandin
c) | change to lipid amphotericin B

d) | check susceptibility test and change the treatment accordingly
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e) | add lipid amphotericin B
Correct answer:

An immune reconstitution syndrome with worsening symptoms and images in chest
CT scan may occur in neutropenic patients when the neutrophil count increases.® A
study evaluating serial CT scans in hematologic patients with aspergillosis showed
that an increase in the volume of lesions after the first week of treatment was
frequent, and not associated with treatment failure.* In the case presented, checking
the galactomannan curve helps to differentiate between treatment failure and
immune reconstitution, with rising values being associated with treatment failure.?
Patients who have severe symptoms (e.g., dyspnea, hypoxemia) with the immune
reconstitution syndrome may improve with corticosteroids (prednisone 2 mg/kg 2-3

days).*

17. In a patient with normal white blood cell counts and normal bone marrow, which

chemotherapeutic regimen results in shorter duration of neutropenia?
a) High-dose cytarabine

b) CHOP

c) COP

d) Prednisone, vincristine and asparaginase

e) ABVD

Correct answer: D

Prednisone, vincristine and L-asparaginase are not myelotoxic, while all other
regimens have at least one chemotherapeutic agent with myelotoxicity (cytarabine,

cyclophosphamide, doxorubicin, vinblastine and dacarbazine).

18. The microbiology laboratory informs that yeasts suggestive of Candida were

observed in the direct exam of a positive blood culture. What is your action?

a) Start treatment immediately
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b) Check how many bottles of blood culture are positive

c) Wait the identification of the yeast and then start treatment
d) Change venous access and obtain new blood cultures

e) Ask for urine culture and decide on the basis of the result

Although transient candidemia may occur, every patient with positive blood cultures

for Candida spp. should be treated immediately *'.

19. A patient with acute myeloid leukemia presents fever, abdominal pain and
diarrhea on the 16th day of induction remission. What finding in the abdominal CT

scan is more compatible with a diagnosis of typhlitis?
a) Dilation of the transverse colon

b) Mild ascites

c) Dilation of the cecum

d) Thickening of the small bowel wall

e) Fluid around the gallbladder

Correct answer: D

Thickening of the small bowel wall is the more specific radiologic sign of typhlitis,®

being one of the diagnostic criteria, together with neutropenia and fever.*

20. A patient developed candidemia in a previous cycle of chemotherapy, and was

successfully treated. In the next cycle of chemotherapy, you:

a) Give fluconazole to prevent recurrence of candidemia

b) Obtain weekly blood cultures to diagnose recurrence

c) Does not take any special action because the risk of recurrence is low
d) Give fluconazole only if candidemia was caused by Candida glabrata
e) Give voriconazole only if candidemia was caused by Candida glabrata

Correct answer: C
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Different from invasive aspergillosis, where secondary prophylaxis is indicated to
prevent relapse,? there are no data suggesting that a patient who developed
candidemia in a previous cycle of chemotherapy and received adequate treatment is

at high risk of recurrence.

References

1. Bochud PY, Eggiman P, Calandra T, Van MG, Saghafi L, Francioli P.
Bacteremia due to viridans streptococcus in neutropenic patients with cancer: clinical
spectrum and risk factors. Clin Infect Dis 1994;18(1):25-31.

2. Nucci M, Anaissie E. How we treat invasive fungal diseases in patients with
acute leukemia: the importance of an individualized approach. Blood
2014;124(26):3858-69.

3. Cornely OA, Maertens J, Winston DJ, et al. Posaconazole vs. fluconazole or
itraconazole prophylaxis in patients with neutropenia. N Engl J Med 2007;356(4):348-
59.

4. Maertens J, Cesaro S, Maschmeyer G, et al. ECIL guidelines for preventing
Pneumocystis jirovecii pneumonia in patients with haematological malignancies and
stem cell transplant recipients. J Antimicrob Chemother 2016;71(9):2397-404.

5. Portugal R, Schaffel R, Almeida L, Spector N, Nucci M. Thiabendazole for the
prophylaxis of strongyloidiasis in immunosuppressed patients with hematological
diseases: a randomized double-blind placebo-controlled study. Haematologica
2002;87(6):663-4.

6. Muller AE, Theuretzbacher U, Mouton JW. Use of old antibiotics now and in
the future from a pharmacokinetic/pharmacodynamic perspective. Clin Microbiol
Infect 2015;21(10):881-885.

7. Bodey GP, Powell RD, Jr., Hersh EM, Yeterian A, Freireich EJ. Pulmonary
complications of acute leukemia. Cancer 1966;19(6):781-93.

8. Nucci M, Nouer SA, Anaissie E. Distinguishing the Causes of Pulmonary
Infiltrates in Patients With Acute Leukemia. Clin Lymphoma Myeloma Leuk 2015;15
Suppl:S98-103.



68

9. van Schie RM, Bruggemann RJ, Hoogerbrugge PM, te Loo DM. Effect of azole
antifungal therapy on vincristine toxicity in childhood acute lymphoblastic leukaemia.
J Antimicrob Chemother 2011;66(8):1853-6.

10. Dolton MJ, Ray JE, Chen SC, Ng K, Pont LG, McLachlan AJ. Multicenter study
of voriconazole pharmacokinetics and therapeutic drug monitoring. Antimicrob Agents
Chemother 2012;56(9):4793-9.

11.  Nett JE, Andes DR. Antifungal Agents: Spectrum of Activity, Pharmacology,
and Clinical Indications. Infect Dis Clin North Am 2016;30(1):51-83.

12.  Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for the
use of antimicrobial agents in neutropenic patients with cancer: 2010 update by the

infectious diseases society of america. Clin Infect Dis 2011;52(4):e56-e93.

13. Bow EJ, Rotstein C, Noskin GA, et al. A randomized, open-label, multicenter
comparative study of the efficacy and safety of piperacillin-tazobactam and cefepime
for the empirical treatment of febrile neutropenic episodes in patients with
hematologic malignancies. Clin Infect Dis 2006;43(4):447-59.

14. Cometta A, Kern WV, De Bock R, et al. Vancomycin versus placebo for
treating persistent fever in patients with neutropenic cancer receiving piperacillin-
tazobactam monotherapy. Clin Infect Dis 2003;37(3):382-9.

15. Menzo SL, la Martire G, Ceccarelli G, Venditti M. New Insight on Epidemiology
and Management of Bacterial Bloodstream Infection in Patients with Hematological
Malignancies. Mediterr J Hematol Infect Dis 2015;7(1):e2015044.

16. Mikulska M, Viscoli C, Orasch C, et al. Aetiology and resistance in
bacteraemias among adult and paediatric haematology and cancer patients. J Infect
2014;68(4):321-31.

17.  Nucci M. Use of antifungal drugs in hematology. Rev Bras Hematol Hemoter
2012;34(5):383-91.

18. Hamill RJ. Amphotericin B formulations: a comparative review of efficacy and
toxicity. Drugs 2013;73(9):919-34.

19. Grassi GG, Grassi C. Cefepime: overview of activity in vitro and in vivo. J
Antimicrob Chemother 1993;32 Suppl B:87-94.



69

20. Maiolino A, Biasoli |, Lima J, Portugal AC, Pulcheri W, Nucci M. Engraftment
syndrome following autologous hematopoietic stem cell transplantation: definition of

diagnostic criteria. Bone Marrow Transplant 2003;31(5):393-7.

21. Cornell RF, Hari P, Drobyski WR. Engraftment Syndrome after Autologous
Stem Cell Transplantation: An Update Unifying the Definition and Management
Approach. Biol Blood Marrow Transplant 2015;21(12):2061-2068.

22. Wingard JR, White MH, Anaissie E, et al. A randomized, double-blind
comparative trial evaluating the safety of liposomal amphotericin B versus
amphotericin B lipid complex in the empirical treatment of febrile neutropenia. L
Amph/ABLC Collaborative Study Group. Clin Infect Dis 2000;31(5):1155-63.

23. Maertens J, Verhaegen J, Demuynck H, et al. Autopsy-controlled prospective
evaluation of serial screening for circulating galactomannan by a sandwich enzyme-
linked immunosorbent assay for hematological patients at risk for invasive
Aspergillosis. J Clin Microbiol 1999;37(10):3223-8.

24. Nucci M, Carlesse F, Cappellano P, et al. Earlier diagnosis of invasive
fusariosis with  Aspergillus serum galactomannan testing. PLoS One
2014;9(1):e87784.

25.  Nouer SA, Nucci M, Kumar NS, Grazziutti M, Restrepo A, Anaissie E. Baseline
platelet count and creatinine clearance rate predict the outcome of neutropenia-
related invasive aspergillosis. Clin Infect Dis 2012;54(12):e173-83.

26. Zou M, Tang L, Zhao S, et al. Systematic review and meta-analysis of
detecting galactomannan in bronchoalveolar lavage fluid for diagnosing invasive
aspergillosis. PLoS One 2012;7(8):e43347.

27. Herbrecht R, Denning DW, Patterson TF, et al. Voriconazole versus
amphotericin B for primary therapy of invasive aspergillosis. N Engl J Med
2002;347(6):408-15.

28. Maertens JA, Raad I, Marr KA, et al. Isavuconazole versus voriconazole for
primary treatment of invasive mould disease caused by Aspergillus and other
filamentous fungi (SECURE): a phase 3, randomised-controlled, non-inferiority trial.
Lancet 2016;387(10020):760-769.



70

29. Maertens JA, Rahav G, Lee DG, et al. Posaconazole versus voriconazole for
primary treatment of invasive aspergillosis: a phase 3, randomised, controlled, non-
inferiority trial. Lancet 2021;397(10273):499-5009.

30. Marr KA, Schlamm HT, Herbrecht R, et al. Combination antifungal therapy for

invasive aspergillosis: a randomized trial. Ann Intern Med 2015;162(2):81-9.

31.  Cornely OA, Maertens J, Bresnik M, et al. Liposomal amphotericin B as initial
therapy for invasive mold infection: a randomized trial comparing a high-loading dose
regimen with standard dosing (AmBiLoad trial). Clin Infect Dis 2007;44(10):1289-97.

32. Nucci M, Anaissie E. Fusarium infections in immunocompromised patients.
Clin Microbiol Rev 2007;20(4):695-704.

33. Woods G, Miceli MH, Grazziutti ML, Zhao W, Barlogie B, Anaissie E. Serum
Aspergillus galactomannan antigen values strongly correlate with outcome of

invasive aspergillosis: a study of 56 patients with hematologic cancer. Cancer
2007;110(4):830-4.

34. Calillot D, Couaillier JF, Bernard A, et al. Increasing volume and changing
characteristics of invasive pulmonary aspergillosis on sequential thoracic computed

tomography scans in patients with neutropenia. J Clin Oncol 2001;19(1):253-9.

35. Kovanda LL, Desai AV, Hope WW. Prognostic value of galactomannan: current
evidence for monitoring response to antifungal therapy in patients with invasive
aspergillosis. J Pharmacokinet Pharmacodyn 2017;44(2):143-151.

36. Miceli MH, Maertens J, Buve K, et al. Immune reconstitution inflammatory
syndrome in cancer patients with pulmonary aspergillosis recovering from
neutropenia: Proof of principle, description, and clinical and research implications.
Cancer 2007;110(1):112-20.

37.  Nucci M, Thompson-Moya L, Guzman-Blanco M, et al. Recommendations for
the management of candidemia in adults in Latin America. Latin America Invasive
Mycosis Network. Rev Iberoam Micol 2013;30(3):179-88.

38. Portugal R, Nucci M. Typhlitis (neutropenic enterocolitis) in patients with acute
leukemia: a review. Expert Rev Hematol 2017;10(2):169-174.



7

39. Nesher L, Rolston KV. Neutropenic enterocolitis, a growing concern in the era

of widespread use of aggressive chemotherapy. Clin Infect Dis 2013;56(5):711-7.

Supplementary file 2: Infection in hematopoietic cell transplantation (HCT)

1. A patient is on day +97 of an HLA matched related-donor allogeneic HCT, receiving
corticosteroids and cyclosporine for the treatment of chronic graft versus host
disease (GVHD). The day before he presented with fever and a chest X-ray showed
alveolar infiltrates in the middle 1/3 of the right lung. What is the most likely

diagnosis?

a) Pneumocystis jirovecii pneumonia

b) Invasive aspergillosis

c) Streptococcus pneumoniae pneumonia
d) Staphylococcus aureus pneumonia

e) CMV pneumonia

Correct answer: C

Pneumonia is a frequent complication of allogeneic HCT. The most frequent agents
are bacteria. Patients with chronic GVHD usually have hypogammaglobulinemia,
increasing the risk of infection by encapsulated bacteria such as Streptococcus

pneumoniae."?

2. An allogeneic HCT recipient is receiving antifungal prophylaxis with fluconazole in
the pre-engraftment period. The microbiology laboratory informs that blood cultures

are positive for Candida species. What is the most likely species?
a) Candida tropicalis
b) Candida guilliermondii

c) Candida albicans
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d) Candida famata
e) Candida krusei
Correct answer: E

Patients under prophylactic fluconazole are at higher risk to develop candidemia due
to less-fluconazole-susceptible species such as Candida glabrata and Candida

krusei.’

3. Which of option is not a risk factor for invasive aspergillosis?

a) Gastrointestinal mucositis

b) Iron overload

c) Graft versus host disease prophylaxis with anti-thymocyte globulin
d) Influenza pneumonia

e) Cytomegalovirus reactivation

Correct answer: A

Important risk factors for invasive aspergillosis after allogeneic HCT include CMV
reactivation, respiratory viral infection, such as influenza, GVHD and its treatment,
and prolonged neutropenia, among others.** Gastrointestinal mucositis is a risk

factor for candidemia but not aspergillosis.®

4. Mark the wrong option regarding CMV post HCT

a) The risk is higher with unrelated cord blood transplant

b) Primary prophylaxis until D+100 may result in the occurrence of late onset CMV
c) CMV Pneumonia is more severe in allogeneic compared with autologous HCT
d) The use of ganciclovir increases the risk for bacterial and fungal infection

e) High dose acyclovir may prevent CMV reactivation
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Correct answer: C

Risk factors for CMV reactivation post HCT include: donor and recipient serostatus,
HLA mismatch, cord blood transplant, receipt of high doses of corticosteroids, T cell
depletion and GVHD. Primary prophylaxis until D+100 may result in CMV reactivation
when prophylaxis is discontinued. Neutropenia is an important side effect of
ganciclovir, and its occurrence. High-dose acyclovir may prevent CMV reactivation.
Finally, once CMV pneumonia occurs, it is as severe in autologous as in allogeneic
HCT.”®

5. A patient presents respiratory symptoms on D+13 of myeloablative allogeneic HCT.

Chest CT scan shows diffuse infiltrates in both lungs. Which etiology is unlikely?
a) Influenza pneumonia

b) Pneumonitis caused by the conditioning regimen

c) Engraftment syndrome

d) Invasive aspergillosis

e) Fluid overload

Correct answer: D

The differential diagnosis of diffuse lung infiltrates in allogeneic HCT recipients
includes infectious causes (viral, pneumocystis, atypical pneumonia), and non-

infectious (fluid overload, engraftment syndrome, drug toxicity and others. By

contrast, invasive aspergillosis is a focal lung disease.'"

6. The most frequent viral disease after engraftment in autologous HCT is:
a) Herpes simplex labialis

b) Herpes zoster

c) CMV reactivation

d) EBV reactivation
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e) BK virus reactivation
Correct answer: B

Herpes zoster is the most frequent viral infection after engraftment of autologous
HCT, occurring in approximately 30% of patients. The highest incidence is in the first

year post transplant.'

7. Choose the correct sentence regarding invasive aspergillosis in allogeneic HCT
a) Serum galactomannan has poor performance in neutropenic patients

b) Isavuconazole and voriconazole are therapeutic options as first line

c) Nodular skin lesions are frequent

d) The most frequent image in patients with GVHD is a nodule with halo sign

e) The majority of cases occur in the pre-engraftment period (until Day +30)
Correct answer: B

Aspergillosis is the most frequent invasive fungal disease in allogeneic HCT
recipients, and occurs both in the pre and post-engraftment periods. Serum
galactomannan has a good performance in neutropenic patients. Different from
fusariosis, nodular skin lesions are very uncommon. In patients with GVHD, the
typical images are of bronchial dissemination, with centrilobular micro (<1 cm)
nodules and tree in bud infiltrates. Isavuconazole and voriconazole are options for

primary therapy.'>"°

8. Which is the wrong sentence regarding antibiotics in febrile neutropenia?

a) Piperacillin-tazobactam has anti-anaerobic action

b) Meropenem has no activity against Stenofrophomonas maltophilia

c) Cefepime has activity against methicillin-sensitive Staphylococcus aureus
d) Meropenem has activity against methicillin-resistant Staphylococcus aureus

e) Meropenem has activity against ESBL-producing enterobacteria
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Correct answer: D

Meropenem is a broad spectrum antibiotic, but has no activity against methicillin-

resistant Staphylococcus aureus.

9. Which of the scenarios below is not at risk for EBV reactivation?
a) Allogeneic HCT with HLA mismatch

b) Use of antithymocyte globulin

c) Cord blood transplant

d) Pre-transplant alemtuzumab

e) Pre-transplant rituximab

Correct answer: E

Post-transplant EBV reactivation occurs more frequently with T-cell depletion, such
as ATG, cord blood, altmtuzumab and HLA mismatch. By contrast, rituximab is used

in the treatment of EBV-associated lymphoproliferative disease.'’

10. An autologous HCT recipient is on day +10 post-transplant and in the 7" day of
empiric cefepime for febrile neutropenia. He is afebrile since the third day of
antibiotic. Today he presents with fever (38,6°C), tachypnea and a non-pruriginous

diffuse skin rash in the trunk. What is your action?
a) Discontinue cefepime and start meropenem

b) Add voriconazole

¢) Add vancomycin

d) Start systemic corticosteroids

e) Start ganciclovir

Correct answer: D
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Engraftment syndrome is a complication of autologous hematopoietic cell
transplantation that occurs close to the engraftment period. Diagnostic criteria
include: non-infectious fever (major criterion), skin rash, lung infiltrates or diarrhea
(minor criteria). Other clinical manifestations include weight gain and neurologic
symptoms. Although in most cases the clinical manifestations are mild, with
spontaneous resolution of symptoms, more severe cases should be treated with

corticosteroids.'®"®

11.Regarding CMV monitoring post allogeneic HCT, mark the correct statement:
a) CMV reactivation occurs between day 21 and 100 post-transplant

b) The cutoff for quantitative PCR to trigger the initiation of preemptive therapy
should be defined in each institution, according to the population at risk and the

laboratory platform used
c) 10,000 copies/mL is the accepted cutoff for preemptive therapy

d) CMV monitoring should be performed until day +100 in all allogeneic HCT

recipients

e) CMV monitoring should be done twice a week between day +30 and day +60 post

allogeneic HCT
Correct answer: B

CMV monitoring post allogeneic HCT should be performed at least once a week until
day +100, and beyond there is active GVHD. There is no established cutoff for
triggering preemptive therapy, and the definition of the cutoff must be individualized,
considering the platform used to perform PCR. CMV reactivation may occur before

engraftment.

12. An autologous HCT recipient develops fever on day +2, cefepime is started and
the patient becomes afebrile. On day +5 the patient is still afebrile, has no clinical
signs of infection, but the microbiology laboratory informs that blood cultures are

positive for extended spectrum betalactamase (ESBL)-producing Escherichia coli,
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with a minimum inhibitory concentration of 1 microgram per ml for cefepime, what is

your action?

a) Keep cefepime

b) Switch to meropenem

c) Switch to piperacillin-tazobactam
d) Add tigeciclin

e) Add daptomycin

Correct answer: A

In stable patients, bacteremia caused by ESBL-producing enterobacteria can be
treated with cefepime or piperacillin-tazobactam. According to the EUCAST
(European Committee on Antimicrobial Susceptibility Testing), treatment with

cefepime is possible provided that MIC is <1 pyg/mL.?’

13. On day +9 after allogeneic HCT, the microbiology laboratory informs that a mold

is growing from blood cultures. What is your interpretation?
a) Must be contamination, | obtain new blood cultures

b) Must be aspergillosis, | start treatment

c) Must be fusariosis, | start treatment

d) | wait for the identification of the mold

e) Must be mucormycosis, | start treatment

Correct answer: C

Filamentous fungi growing in blood cultures of hematologic patients should be
interpreted as diagnostic of fusariosis until proven otherwise, and treatment should

be started immediately.?

14. Regarding BK poliomavirus in allogeneic HCT, mark the correct option:
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a) Causes hemorrhagic cystitis
b) Stenosis of the ureter is a frequent manifestation

c) Computed tomography of the bladder is not useful to diagnose hemorrhagic

cystitis

d) The diagnosis of BK virus-associated hemorrhagic cystitis is based on clinical

signs, hematuria, and detection of the virus in the urine by quantitative PCR

e) BK virus monitoring with quantitative PCR in the urine and blood is recommended

in allogeneic HCT recipients
Correct answer: D

Causes of hemorrhagic cystitis after allogeneic HCT include toxicity by the
conditioning regimen (cyclophosphamide, radiotherapy, busulfan), BK polyomavirus,
cytomegalovirus and JC polyomavirus. The most frequent clinical manifestations are
dysuria, hematuria and suprapubic pain. Imaging such as ultrasonography and
computed tomography may help in the differential diagnosis. Routine screening is not
recommended because high viral load does not correlate with the development of

hemorrhagic cystitis.?

15. In which situation below do you consider a lipid formulation of amphotericin B the

drug of choice?

a) Empiric therapy of candidemia

b) Primary therapy of invasive aspergillosis

c) Primary therapy of mucormycosis

d) Primary therapy of candidemia caused by Candida glabrata
e) None of the above

Correct answer: C

The agents of choice for primary therapy of mucormycosis are a lipid formulation of
amphotericin B or isavuconazole. Primary therapy for candidemia and aspergillosis

are echinocandins and voriconazole or isavuconazole, respectively.?
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16. Regarding Epstein-Barr virus (EBV) reactivation after HCT, mark the correct:
a) Reduction in the immunosuppression is recommended in case of EBV DNAemia
b) Monitoring for EBV reactivation is recommended to all allogeneic HCT recipients

c) Post-transplant lymphoproliferative disease (PTLD) is the most frequent clinical

manifestation of EBV reactivation

d) If monitoring with PCR is not available, the patient should receive monthly

immunoglobulin replacement

e) The presence of EBV DNAemia indicates a high risk for PTLD and the need of

treatment with rituximab
Correct answer: A

EBV reactivation after allogeneic HCT is associated with severe T-cell
immunodeficiency. High risk for reactivation includes HLA mismatch, cord blood, T-
cell depletion and GVHD. Monitoring is recommended to high-risk patients. There are
no recommendations for immunoglobulin replacement in the context of EBV
reactivation. Likewise, there is no cutoff for EBV DNAemia above which the risk of
PTLD increases. If EBV reactivation is documented, reduction in the

immunosuppression is the correct action.?

17. Vancomycin should be given to febrile neutropenic HCT recipients in case of:
a) Erythema in the catheter exit site

b) Documentation of infection by methicillin-resistant Staphylococcus aureus

c) Grade 3-4 oral mucositis

d) Persistent fever after 3 days of betalactam antibiotic

e) All of the above

Correct answer: B
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Neutropenic patients with persistent fever but clinically stable should not have the
antibiotic regimen changed unless an infection is documented by a pathogen that is
resistant to the regimen.?® The empiric addition of vancomycin to persistently febrile
patients did not show any benefit in a randomized trial.?’ Vancomycin should be
added if there is documentation of infection by methicillin-resistant Staphylococcus

aureus.

18. Mark the correct answer regarding the treatment of invasive fungal diseases

a) Voriconazole is the agent of choice for the treatment of candidemia caused by

fluconazole-resistant species

b) Amphotericin B is superior to voriconazole in the primary therapy of invasive

fusariosis
c) Invasive aspergillosis should be treated for at least 6 weeks

d) In the treatment of invasive aspergillosis, treatment response is superior with

higher doses of liposomal amphotericin B (10 mg/kg/d)
e) Mucormycosis can be treated with isavuconazole
Correct answer: E

Fluconazole and voriconazole present cross resistance. The drug of choice for the
treatment of fluconazole-resistant Candida species is echinocandin. For aspergillosis,
isavuconazole or voriconazole are options, the duration of treatment should be
individualized.?* Lipid amphotericin B is not superior to voriconazole in the treatment

of fusariosis.?® Isavuconazole is an option in the treatment of mucormycosis.?

19. A HCT recipient is under prophylactic acyclovir and fluconazole, and empiric
antibiotic therapy with cefepime for febrile neutropenia. A diagnosis of typhlitis was

made. How do you adjust the antimicrobial regimen?
a) Broaden spectrum to cover anaerobic bacteria

b) Broaden spectrum to cover multi-drug-resistant Gram-negative bacteria
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c) Increase the dose of acyclovir

d) Broaden the spectrum of antifungal therapy
e) All the above

Correct answer: A

Patients with a diagnosis of typhlitis should receive anti-Gram-negative and anti-

anaerobic antibiotics.*

20. Regarding respiratory viral infections in allogeneic HCT recipients, mark the

correct option:

a) A search for respiratory viruses in the serum should be undertaken in case of

respiratory symptoms

b) Upon suspicion of influenza, we should wait for the confirmation of the diagnosis

before starting oseltamivir

c¢) Inhaled, oral or intravenous ribavirin is the treatment of choice for parainfluenza

and respiratory syncytial virus (RSV) infection
d) Infection by parainfluenza virus rarely causes pneumonia

e) If a diagnosis of RSV is made before admission for HCT, the procedure should be

postponed
Correct answer: E

Search for respiratory viruses should be undertaken in symptomatic patients, using
nasal swab or nasal wash, tracheal aspirate or bronchoalveolar lavage.®' Oseltamivir
should be started empirically if there is suspicion of influenza. The treatment of
choice for RSV is oral ribavirin.** Infection by parainfluenza virus evolve to

pneumonia in 20-30% of patients.
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Asticke history. ABSTRACT

Beceived 1T Mards 2021 Candidemia is a mapor complicatson in bematopoietic cell transplantabon [HCT], and antdfungal prophy lass with

Beceived in revised from 18 Aprd fyrppazole decreases the modence of this complication. We comipared 2 strategies for flucanazole prophylaxis m

.;:.E::pnmzs.'.pulmu patients with hzrl.'.:tulugir malignancy undergnirg awnlogous HCT between 19497 ancll 2T From 1997 to 2003,
flucomazale prophylaxs (400 mgd) was given to all HCTs, started with the conditionieg reginen [early prophy-

laxis], and green until neutrophal engraftnent or the need of non-prophylactc antfungal therapy. From 5004 on,

g Woerds frucorazole (400mg daily) was started oody of (and when] the patient developed omal nvucositis [late prophylais).

Flaconazak: Among 571 HCT, 230 received early prophylaxis, 112 received late prophylass, and 189 did not receive fluconas
:;ph-ﬁmu zale because they did mot develop oral mucosites. The inodence of candidemia was 1.2 in the early prophylaoos
.'. nu:uillulspurl:mn group, U% in the late prophodass growp, and 1.1% in the no prophylaxis group (= 31} Amorg patients recerving
Camdidemia fluccnazole, the needun duration of prophylaxis was 7 days (range, 6-36 days| m the early prophylaxis growup

and & days (range, 2-16 days) in the late prophylaoas group (P = .001). The mitation of fluccnazole prophylaoos

Hemtogalerc el trmsplanta-

Eienl guiced by the oooarrence of oral muscositis (ke prophylics) was as good as zarly Neconazole prophy laxos
© 3121 The Amencan Society for Tramsplantation and Cellular Therapy. Pulslished by Elsever Imc. All rights

reserved.

INTRODUCTION

lewasive fungal disease (IFD] 5 4 derdud camplication in
hematopeietic cell iransplantation (HCT) recipdents | 1. Histor-
ically, Comdida species have been the most eguent causative
agents ab IFD, witls a high martality rate |2,3 ] Randoomized -
als evaluating the ellicacy of Muconazale & prophylais
showed a significant decrease in the incidence of Gandidema
in fluconazole recipients, edpecally in allagenesc HCT |[4-6].
Accordingly, Hduconazoke prophylaxis became standand of care
in the preengraliment period alf allogeneic HOT, with a high
strength al recommendation. Regarding sutalegous HCT, The
guidelines sugpest the wie of Duconazole in oerlxn circuns-
stances, sknowledging the fact that the risk lor invasive can-
ddaie B lawer [ 78] Yer, luconamle praphylaxis is routinely
used im many centers worldwide |5 161

The main source of cancliclesma is the gut | 171 In HCT recip-
denits, disruption af the intestinal mucosal barrier caused by D
conditionmg regimen increases the risk ol transbocation of
Condida apecies fromm the intestinal lumen Do U bloodsimeam,
cansing candedemia | [5].

Fnanicil disclassre: See Acksawledgments an page B3 Lot
*Coaresponence sl reprisd reguesss. Marcio Nuccl, MO, Hospirad Univer-
sitario Clemesrisg Frags Rlbs, Rus ProT Bodolgho Pauls Rocos, 255 Sala 4k 12
B i [adieirn 21940-90% - Branl.
E-aiofl addrese minocca@hicals) bir (b Nueel)

il ok 10 HO 16 [ £c1 202004 019

Fram the beginning of ouwr HCT progran, fluconazale proply-
laxis i been given ad prophylaxis, startmg with e conditai-
ingg regirnen aned dis comtinuing slter engrallment ar the initiation
of amather antifungal sgent used as empiric Cherapy ar on doou-
mentation of a fungal msction. I 2004, we decidind to change
our routine and started o gse luconaeede anly il and when a
patient deseloped oral muoositis, Here we repiol our x perence
with this practioe of late lucamxeoke proplyiasis

METHOOS

This remraspective shady was condemed a1 Hospeeal Universitano Clem-
enting Fraga Fiho, Federal Universy of B de Janeso, Brazil, a2 eniversicy-
alfiliared certiagy care haspital The Hemaralegy Unie has & single-hed reams
willy high-efckendy particulane air (HEPA) Brration asd postie pressune
and 5 double-ted rooms wirbsur HEPA fhrathon The stody s approved By
thie hespirals Efbical Comasimes [Sudy 077-15]

AR data regarding the epsode of Tebnle semtropenia durng the carky
preengraliment period were colemed prospectivedy, UsSing & ciee fepart fem
with he Belp of & dicminary of ierms. For this stiudy, we reviewed the episatdes
of Tebrde neunropensa of all sstologoes BOTs perfomed between 1997 and
HNT for the oeatment of Besatoioge malignancies. From 1997 to 2003, ann-
lumgal proghyianis corsisned of Nuconazale (400 mghday) stamed widk the cos-
ahtenireg regimen (ealy prophylacis), and gives until the panent experienced
neimrophll engrafiment o required Bonpropbylcic annifungs Cheragy
(empin of S he mreament of a decumenied 1D Sranming is 2004, rowmine
prophyls was discouraged. Instead, Auconazole (400 mgday) was stamed
ety i [and wies] te: pariens developed grade =2 oral pvacirslane prophy-
Lanis). Oral mucoins wis assessed dady and record el prospemively, ueng the
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Farwnal Cancer lecripste Cosmon Toxiciny Crirerla | 00). Paserts receiving
asringal prophylacs seher thas Mucena mie were exchaded.

T Solowing variabies were analyzed: biselise charamenisics, cosditioning
regimes, anfibecrenial prophylasis, duragon of Nucenaeole pophylos, emprc
Ao regises, dasificazion of the Fetile eptsode. [FD, dusiion of Beummope-
Mia, amd death. Wee hypothesied tha lane prophylos wis i cBamve i early
prophyiasis To ted our hypothess, we compared usdeying dseases, condition-
g, Tesgimen, OB presence of oral mixosis, documentaion of cndidemia, dera-
tom of seumepens, daatien of Mok propiglasds, ol ouoms @ 3
ol patesns who reocked caly proplybog, tose who recefeed lae pro-
Pk, amad Those who reoeswed no propisiads

Meumapenia was defised 25 am aben e estrophsl count of =S00mes
sl feves was defined ak an axillary resgeranme of =38 °C The episodes of
Peberibe merimmapenia wore clissified as S of wnknows ange, Baeneremia,
i bikslegically dociesensed without bameremia, oo cinically docuseneed
o desenhed previossly | 20]. Candidemia wes defined by & blood osliure wirk
Camihidd Spevics in & parnient wich fesser asd for ¢ lisecal sgns of infectan [21]

Care porical wariables were compared ssing, the obi-sopaae of Fsher exacn
L6l a5 APPTOprte, and coniinuos vanadiles were companed using the K-
al Wialis tess All analyses were perfermed wsing SPSS 210 Tor Wisdows
=M, Armank, NY)L

RESLLTS

During the study period, 583 Jutobagous HCTS wene per-
farmed in patients with hematologic disease, Twebae BCT recipi-
enld received ofher prophylactic regimers (Eraoonazoele in 5
waricanazale in 4, posacanee= in 3] snd were exchuded. The
rermaining 571 HOTs were perfarmed in 559 patients {12 patents
meceived 2 Cransplants) The mexlian age of the 5359 pafients vas
49 years (range, 7 o 72 years), and 314 (562 were male, The
claracterstcs of tee 571 mitalogous HOTS are shawn in Tablke 1
The most reguent urderlying dissase was multiphe myelonm
(31}, Mollowed by Hodgkind Bmpboma (2400 and non-
Hadgkin's lymplama (183, Praphylaotic qumolone was wsed
m 255 patiems (4465 Fluconuole prophiylaxs was used in 352
HCTs (665 early prophylaxis, in 270 HCT; and Lt prophy-
Raxe, i 102 HCTS,

The most frequent antitiolic reginen given a0 s fever
wias  oelepimee monotherapy (474 episodes; B33

Tabile 2
Episindies of BFD during Newlropenia in 571 Aunslegees HCTs

IFD Ha (3}

Candal emsia 6[1.1]

Candida crogaraii K

Caiidihs povopadis s 3

Candida alkoai 1

L krased 1

Furgeinia e 1o Evop sl jeaeselon” 4[0.7]
Aspergilngis 3[05]
Fusiami o 3[05]
W O il 1 (0]
Candbd s |C 1o pocolis] + Bangeniks due o E prasselad L [0H)

Furgemia dae oo Byodotaruls ulvs 1 (0]

* Cases of fungessa due ts E jeenssimel socunmed in the contear of @i o
bireak [34]

Momprophylactic anfifungal therapy was given in 51 HCT<
[BA%): as empirse therapy in 25, 1o treat oval candsduisis o 14,
and ti treat [FD e 12 Clinical or mdcrobiclogic documentation
ol inlectan was recorded in 48.9% of the HCTS, The median
duration of neutrapenda was 8§ days (range, 2 1o 31 days), and
31 deaths occurred (5.4%)0 Oserall, [FD was diagnased in 19
HCTs [33X] including 7 episodes al candicesmda [1 of wiich
wias & imixed pifection) [Taldbe 2}

Taahe 3 presents the dharscteristics and oulcomes of 571
aulalogous HCTS accoeding (o Che antdfungal prophalactic regi-
men: early {n = 2700, ke (= 112), or ma (6 = 1589) prophylases.
As expecied, the Ireguency of oral mucosils was sigmilcantly
lower in the oo prophylacs growp (FH2E, versus 65E in e
eaily proplivlaxis group and 5% m the Lte prophylads graup;
P o= 001 The median durstion of Oeconaole prophylaxis was
17 dlays [range, G to 36 days) mothe sy prophylases group and
6 days (range, 2 o 16 days) dn te Late prophylocs group (P =
D01) OF note, candedemia occurred in 5 HCT [LEX) in the early
prophylas group, in oo HCTS in the late proplwlaxis group, and
m 2 HCTs [L1E] in the po propiylaxis group [Pe 31) There
were no dilferences m death rafe acrass the 3 aroupsE.

DESCUSEI0MN

In this study, we found that the incidence of candidemia
whas il different between the early and late Huconazole pro-
phylaxis growps, the median duration of Ouconasobe we was

Table 1
Baseline (aracerkris of 571 Amslingous HITs
Bl L8 Tl M (2}
Uniher bying 4 ease
Bl ple i leimia TS
Head giin Lymghioma 137 {24:0]
Mo - Haodghis | h 140182
Acune myelogendus beoliemia 15026}
il G0}
Condriaing regimens
Melphalan-ased regimen 313 (548
CEY LE3 (324
BEANE (e 1Y
mher 242}
i il e propliviais 255 (4405]
Antifurgal Lanis
Early prephylaxis 2M0(4T.31
Lae pi ophiplnis 113 195]
M pr pliylasis 1E3(33.1]

CHY mdicares opclophesphamide. carmastne, peaside; EEAM, cammiiinie
cyuarabise. stopaside, melphalan.

* Other underiying discases: amylsidsis & = 4), acute lmpiobasic leu-
kgl (n=23}

! Mielphalan-hased regimen: 200 mgim® [m=F71) 140 mge' (n=17) 100
mgjer (n = 15)

! oher coaditioning repmess: basulan + cpcophosphamide (s = 14}
bisiilfait & optlophiosphaaside ¥ i in = ™
CarTmstine + clogakide + oyarabise + opclophesphamide (n=3)

ignificantly reduced in rhe ke prophylaxs, and IFD was
uncamenan alter autalogous HCT, These data indicate that the
enitiatian al luconazale prophylaes in autobogous HCT muay be
divven by the presence of oral mucasitis.

Hrategies [0 prevent Che ccowrrence of IFD among HCT
recipients lave been developed with the xim of redecing the
mncidence and moctality of these diseases [ 5,6,20]. In albageneic
HCT, 2 important randomized studies comparmg Nucomale
with placebo showed decrexes m bath superficial and sy
termic Tuigal diseased with triazale, with improved survival
[4,5,22). Therelore, in centers with a low incidence of IFD
caused by molds, the genersl recommendation i (o use pro-
phylasis with Hucanazobe 300 mgiday i allogeneic HCT recipi-
ents, with a high strength of secommendastion (A-1} [7,8]. In
autolgaus HCT this recommendation is woeaker (B-11), how-
ever, rellecting the much lower rgk of IFD in these palients
| 7.58). Mewertheless, Huoonaeale prophylass is the standard ol
care in sulologous HCT recipients worldwide [9- 16|

A remarikable fnding of sur Sudy is that starng llucona-
zale only il (and when) a patient developed oral mucasElis
[Rate prophylaxis) worked as well as giving Ouoonarale 1o all
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Coimipan som of fe Characrenisnics asd Durcomes af 371 Aural ogous BCT Recipienns Acceading to Anrifunga Proplylass Regimes

Charactertmic Eaarly Propiilasis (N = 333 Lite PogdiayLinds (K= 1123 M ProgliyiLins (N = 189 Pl
49 [13-5a) 53 [13-72) 48 [ 13-55] X7
14E/122 G151 11376 3l
133 [48.3) 65 [5E0) 111(58.T) 04
B [35.2) 27241} 4231 T6
3021481 IE[IE 1} 7 14.3] ]
Cooinil iti omar g 12
Bebivlph e b d regiman 133 [48.3) 66 [50100} 113 (598 5
CHY 95[35.2] 20354} =38 20
BEAM 1E[enT} S(Z6} - 001
Dl miscosiis, & (X B0 [7a5) 74(33.3) = 101
ephiylactis, & madiaes | range) R =1
83241 4B
94 [339) 170 (905 011
80851} 164 (055 450
L4 [149) 741
4] L]
CarmiHnaan 1E[ME1} 18 (05)
Celepime-Becod 16 [AET) 11[BL.1)
Ceramdim e-based i 4183
Carbape s-hased 1] 21L1)
Dy AN E 1 (56}
Menprophiylaci: anifungal ey o |5 5[45] N ] i
20 [7.41 F R 316}
Tsuperficial lungal deeass L] [+] 14 (7.4}
T Tivasive Tungal dis e B3] 3T 316}
Classfcation of the lelinle episade, & (%) 26
Fevier of uninown origin 125 [46.3) G2 [554} 1465 [ 55.5)
97 [35.9) 34 [30.4) &5 (344
3B [14.1) 07} 1578}
L0 [3.T) 41315 LIra N
5[LE 1] 2011} il
Dianl, i (%) 0z [4.4) 10 [3.3] 9[4E) 18
BA, inedicanes sl ap plicas.
* Pyadue lof the cempa i pleyLass

L it gt oSasain
UL cipr

IFIx

patpents starting with the conditicning regirmen. Indeed, none
al (e patients in the late prophylaxis group developed candi-
demia, shawing that this approach is appropriste o prevent
candidemea in autalogous HCT recipients.

Mluosilis 15 one of the most common and delsiliating com-
plications ol cylalonic chemotherapy in patients undergomg
HCT [23,24]. Mucositis may affect the entire gastrodntestmal
tract and involves 5 phases: mitiation, up-regulation and mes-
sage generation, amplificaton and signaling, ulceration, and
healing | 25]. The meidence of mucositis vanes among different
chematberapeutic regimens, and develops in almost 50% of
patients undergomg HCT |[26]. Determinants of mucositis can
b dividied inta reatment-induced {type and dese of the rege-
men) and patient-related [actors, such as genet variations,
age, armd perlormance status |2 | In sutehagous HCT, muce-
sitE was reparted in 75% of patients with nen-Hadgkin lym-
phoma  submitted e the BEAM protocol [carmwustine,
eloposide, cylarabine, melphalan] and in 20% o 353 patients
with multiple myeboma receiving melphalan based-regimens

et = wasscannycin [n=1}

| 25,30 ). Im ur Stucy, the freguency all oral mucosilis was sim-
lar ameng patents with lymphoma and multiple myeloma
(data mat slawn) Therelore, the higher propartian of patents
with multiple myeloma m the persad of late prophylases might
ol bave impacted the requency of mucoesitis in the 2 periods,
Detruption al the rucosal surfsoe af the gut 18 a major risk G-
tar for infection, including candiderma, i neul ropenic patents
|127]- Indeed, although the sowrce of candidenmia has been a
matter of debate, there are many arguments Lvoring the gut
a8 origm al this imlection m the maoanty all cases [17]. In owr
study, grade =2 aral rucesitis was present in 465 of patients
amd was used as driver o start Muoonazsle prophylaxis, with
ma dilferences m the incidenoe ol candelemia compansd with
standard praphylaxis.

Although lluconazole prophylaxis is elfective in preventing
candidlermia, its use 18 asscciated with a shilt fram highly fu-
tonazale-susceptible ta less lluconazole-susceptilsle Candida
isalates, A study al 355 patients undergoing HOT shawed that
desspite the reduction in the frequency of candidemia, patients
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receiving prophylactic Tuesnazmle were moe likely 1o be coba-
nized by azole-resstant Candida species |31 In other study,
the use of Aucanazobe resulted in an increased incidence af
candidemia due ta Condida krusei and Candida glabrate [32)
The implementation of antifungal stewardship programs is
acdvoated (o mitigate the emergence al fesistance among Can-
dids bloodstream solates |33 . Dur study showed that a muca-
sitis-guided Muconazole prophylaxis strategy was able
reduce the number ol pabents receiving Nuconxeale amd
shorten the duration af luconazole wie from 17 10 6 days,
without increasing the rate of candidemis

In the present study, an IFD was disgnosed in 19 HCTs, far
an incidence of 3.3% Four of these 19 cades were fungemia
caused by Exophicly jeanselmes, which acourred in the context
ol an outbireak in the hospital in 1997 |34) If we excluded
these caes, the mcxdence would be 26X, wheth i3 similar to
that reported in other series |35-35].

Ouwer stucly suffers from the limitations of a retrodpective
study, with comparison betwasen nonconlemparary groups af
patients. In addition, we analyzed anly cases of oral mucasitis,
based an & subjective assessment an clmical examination ol
the oal cavity. Therefore, the aumber of patients with mucosi-
tis could have been higher had we included patents with diar-
rhea o abdamimal discomBoet, 2 passible signs of mucesitis in
this populstion.

Despite these limitations, our study shows thar the initia-
tion af lucenazele prophylais only when [and i) eral mucosi-
tis developed was ag elfective a8 standard  proplylaxis i
preventing the scourrence of candidermia m autologous HCT
recipbents, with a significant reduction in the duration of flu-
conazale use.
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Irvasive fusgal disease (IFD] (s a major comsplicaton in patencs with acste myelold leskemla GAMLY receiving
i Imdnerion ch teragry, and the use of anci-mold prophylaxis is considered standard of core. Cm the
other hand, de use of anci-mold prophylas n AML patients receiving less-istesive vencmolas-based regiseens
& not well esmblished, basically Because the incidesce of 1FD may nc be high encugh o fasrily prisary anti-
fungal progendals. Furthermaore, dose adjustments 1o venesodas are eeded because of dreg interactions with
andes. Finally, the e of seoles B assoclaned with toaichy, Including liver, gascrodntestinal sed candiae (0T
prolongmion) wxiclry. In a sering of low [Bcidesce of Invasive fusgal disease, e number nesded mhasm woulkd
be highes than e number seeded o et In this paper we review the risk facooms lor [FDF in AML paticeas
receiving inbensive chemoterageutic regimens, the Incidence and risk foctoss for [FDF in patlents receiving
bypomethylating ments plose, and o pal receiving bess-d Ive vemetoclon-based reglesens. We also
dicnss potental problems with the concossdant use of apcles, and present our persgective an how w0 manige

AMIL patiesas receivisg veneindax-bised regimens withour primasy ancifungal peophylasds,

1. Introduction

Inwazive fungal disease (IFD] is a major complication in patients with
acute myelodd lenkemia (ARL) undergoing intensive chematherpy,
with a negative impact an the outcome [ 1,2). Until the 1990 5, mvasive
candidiasis was the leading IFD in higherisk hematologic patients [20.
However, after the introduction of Auconazole praophylaxis, a shift o the
IFLx's was chserved, with a decrease in dnvasive candidia=s and an in-
crease in infection eaussd by malds, especially imvasive aspergilloss (1,
41, With the introduction of maold active azoles into clinical practice,
studies evaluating strategies to prevent both candidinsis and aspergil
losis were developed. A randomized trial comparing posaconazole with
iraconazole or fluconazale in patients with AML or myelodysplasia
(MDE)Y undergoing induction remission showed a significant reducticn
in IF[r overall and invasive aspergillosis (G, Sinoe then, posaconazale
hias became standard of care ax antifungal prophylaxis of patients with
AML or MDS undergoing intensive induction remission chemathempy

751, Indeed, the intdidence of [FD during indoction remdssian of AML
miay vary widely deperding an the prophylactic regimen, from 23 % in
patients under mold-active prophylaxis |[10] to as high as 26 % in

patients nat receiving anti.modd prophylaxis [11].

In recent years, novel therapies have been dncorporated in the
treatment of AML, with promising results, especially for older anfic
patients. Unlike conventional chemotherapy, these agents act in specific
targeis in the leukemic cdl, without affecting nommal tisswes such as the
mucosre [n addition, the high and fast response rates obtained with
these agenis may reduce the duration of neutropenia in the induction
phase. Since prolonged neutropenia and gastrointestingl macasitis are
impartant risk factars for infection, the sharter duration of newtropenda
and the absence of gastromtestinal mucosiiis may reduce the risk of both
bacterial and fungal infections. One of these new agents s venetoclax. A
randomized trial enrofled treatment naive elderly and / or unfit AML
patients to receive azacitidine plus venetoclax or placebo (Viake &) The
median overall survival {primary endpoint] was 14.7 moaths in the
azacytidine plus venetoclax arm wersus 9.6 months in the macyidine
plus placeba arm. Furthermore, the rates of complete remdsson were
signifiantly higher in the wenetoclax anm, with a shorer time to
respanse (1.3 versus 2.8 maonths) | 12). Therefore, a reflection of
whiether primary antifungal prophylaxis is needed in eldedy and/ar
umfit AML patients receiving trextment with venetoclax plus azacytidine
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Table 1
Erudles reporting invaskee Tungal discase in puilents reechving hy pesedndaring aents.

fwther, year Rurcher of paikni Discase Antifungal peophy s Proven ax peolublk IFD Commens

Merkal, 2015 B4 (157 MDS; 026 AML, MIE Hot raparnd B epiamden (52 %) Bk far infrcting in genrat low platse
[ eyl cuuris, lnw hesumglehin, o

cyhgenstics

Falangex, 2014 & {7 % funtlne), 525 AL, WA e Hopande (12,5 %, Higher mte if IFD ;. prtkenes receiving
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conuhidinmin 25
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Pomans, Bia 120 (06 Wiroeknek 2B AML, SIS (1 2 apde (1.6 %) Mo reomnmendation. fur prophylasss
[42 wpches

Hairuchah, 40 AML, WEE [a fow R Mo el
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LOALCY

All, MR 8% 262 cpcha AML, MIE 68 cyclis (Sucenaank $1} 2 apiveden (29 %)

Lanmaans, h; 265 oy AML, MIE Anti-mald prophgdasis in 60 2 epedes (26 %) Antimirrabisd prophydis o 1 tha
F- R | patieni risk of infection wrerall

Tralesen, ERER ool AN, W 50 % of cycle, sumily ani- ¥ wpodes (1003 %3 Bk far mivciine: very high ISR wore
AT makl mperplids &

Kirm, 2020] 40| i |1 AML, WIS, ChavL Flucouombe in 2% paiimis ¥ mpandes (54 %) Mure [FIF if resiropenia ab st of ool
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IFD = Inwmsive fangal diseqse; MDG myelodvsplisio) AML = acume myelold leukemin AZA = azacitidiss; PSSR = revised Inemnational Prognostic Scosieg System;

CMML = chronle myvelomonocycke leukemis, LN - Enropenn Leukesda Net; VEN - venciockx

is appropriate, especially becanse mold-active azoles (voriconazode and
pasaconazale] may cawse significant toxicity (notably liver coxdcity [ 15,
14], amd drug imteractions between wenetoclax and azobes may be a
problem [15]. Moreover, the risk factors for IFD in patients receiving
imi e induction isswan regimens |16 ] may not apply to those
receiving venetoclax plas azncytidine. In this paper we will review the
incidence and risk factars for [FD in patients with AML receiving
intensgve chematherapy, azacitidine monotherapy or i combination
with venetoclax, and will reflect on the need of antifungal prophylaxis
and if it is possible to stratify the risk of IFD in such patients. Finally, we
will come with seggestions an how to manage these patiends if primary
anti-medd prophylaxis is not given

2. Risk factors for invasive fungal disease in patients receiving
intensive chemotherapeutic regimens

The risk of IFD i AML i= mainly driven by thie intensicy and duraticn

Table 2

of neutropenia [ 1,06, The delay in neutrophil recovery ocoars o pa-
tients with induction failure increases the sk of IFD and of
treatment-related motality [17). Thus, an assessment of pretreatment
parameters that may reduce the chance of obtaiming complete remission
with conventional intensive chemotherapy (7 4 3 regimen) may help to
assess the risk of IFD [ 16,148,109, Factors associated with induction
failure include alder age, high white blond cell counts, secondary leu-
kemia, adverse cytogenstic and molecular profiles, and residual blasts in
the bone marmow on day 15 of induction [20.-23]. Farthermore, muco-
sitis following mtensive regimens (high dose cytambine), increases the
risk of invasive camdidiasis [24,25]. Other factors that should be
considered when perfarming risk stratification of IFD in ARL are poar
perfrmance status, receipt of corticosternids, some comorhidities such
as chromic abstructve pulmonary disease, smaking, high body weight,
iran pverboad and hyperglyoemia, and environmental exposure (rooms
with ar withowt HEPA Flter, building constmiction ar rencvation) |15,
-], As podnted out, all these risk Esotors were sstablished in AML

Studies repoeting invaste fungal disease in patients reeeiving vencmclax + hyposetbylaring agents in acute mvelold beukemia

Auther, Mumberof  AML AML rebiype Antifungal propbylaais Preean ar prbeble IFD Praliciees of [FD

wr patimla Mk SR

Aldeas, pig T e muren 85 %, sovunadary Crewrall, 6F %; micafurgis 36 %, B2 % coumed by mulds e CHCH, AL beubsamin
MdB]+i] P Sa e 280, thempy-ndated 195 aauka 40 & {rmpengllods ¥

Lo, 2221 122 MIEIW Dwnoen P08 %, secondssy  Owerall, BEA % Aanassle G5 1 18 i all of mpangil Sevardsey ur therpy-
[Eh) /0L BE % 172 %, %, pomscomaanke 1.0 % rekited AML

therupy-reisbed 1.3 W
Ches, 2002 131 All 5 [ mown 20 5%, srusdary Overall, 163 % (accli} % % coenal idemin 2, Peur patient fitrea,

[46 50, therapy-rdated 6.1 %

agrrgillosis o Fourmes {1 TPES mueation

wach)
(i, H02T 2135 MIF 545 [ nown 408 %, moondmry Cheerall, 7.2 9% nanks b0 4, .1 anpergillosiz 4, Hona
L48 ", 502 % echizncandin & % candidizes ¥
AL SRS
L
Ehainy, Lad All B 2 aren 348 %%, svusdary %0 % (00 petienta k. mbdulaiungin 85 m Mo
L R ai W &, Mueonaade 4, terrmvmesle i
Wang, 2y MIELES D 5220, Crvwrall, 753 8% proscaseste 71,0 36,0 W aspergios 5, Uiefirvomabib ELW risk g,
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AML = weute myelodd leukemia; ND - newly disgeesed; R = relapsed vefraciory; IFD = Bmeasive fungal disease; CR = complete response; CRE = complen: segpoess

with: Encomplete hesarologs: recovery; ELN = European Leukemin Mes
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patients treated with intensive chemotherapeatic regimens.

3. Invasive fungal disease in patients receiving hypomethylating
agents

Until recently, hypomethylating agends in manotherapy were
considered standard of care for patients with AML nat eligible for
intensive induction regimens and for those with highe sk BMDS (51920,
The incidence of proven ar probable [PD in this popolation has ranged
from zero to 15,8 % (Cable 1), and the role of antifungal prophiylaxis is
stilll controversial [22-42], This wide variation in the incidence of 1FD
reflects the heteragenesity of patents’ populations (diferent proportions
of patients with AML or MDS, different status of the disease, ete.) and
prabably the influence of lecal epxdemiclogy.

Variables azsociated with a higher frequency of 1FD were identified
in three studies unfavorable Buropean Leukemia Met risk group and
pralonged neutropenia in one sady |41, neutropenia at start of the
cycle and thempy-related MDE in the second study [40], and pror
chemotherapy before the use of hypomethylating agents in the ather
study [25].

4. Invasive fungal disease in patients receiving less intensive
wenetoclax-based regimens

‘Two randomidzed irials evaluated the combination of
Lo -dose cytarabine |43 or with azacitidine [ 12]. None of these studies
reported the incidence of IFD. [n a previous stady, 145 AML patients
were trested with venetoclax 2t different doses (400 mg, 500 mg ar
1200 mgsd) plus amcitidine or decitabine. The concomitnt use of
maderate or strong CYF2A4 inhibitors (inchuding azoles) was not
allowed. Grade = 3 1FD was ohserved in 9% of patients (8% grade 1-4
and 1 fatal case) [44]. Since them, a few retrospective and real-life
stuclies reported the incidence of IFD in patients treated with
venetoclax:hased regimens, with incidences mnging from 3 % to 2601 %
(Tabie 23 [41, 45-49]. In a study with 119 AML patients, probable ar
praven IFD} was mote frequent amang non-responders (23 % vs 6 %,)
and in relapsed or refractary (R/R) patients compared with newly
dingmased AML {16 % vs 5 %) [45]. In a study from South Eorea with
122 patients, mortality rabes were higher in patients with IFD (6306 %4 vs
34.0 %) and the only risk factor for 1D was secondary or therapy related
AML [47]. In pther stady, amaong 131 AML patients, predictars of 1FD
were poor performance status and mutation in the TPS53 gene. Anti-
fumgal prophylaxis had no impact oo IFD or overall survival, and the
authors concluded that antifumgal prophvlaxis is oot necessary in in-
stitwibons with bow mcidence of IFD [44]. Twao other studies with low
incidences of [FD (%1 % and 506 %) also concluded that antifungal
praphylaxis may not be necessary for all patients undergoing treatment
with venetoclax-based regimens [48,449].

Based on the data from these studies, AML patients receiving
venetoclax:based regimens are mare likely o develop 1FD in the setting
of: (1) relapsed frefraciory disease; (2) secondary ar therapy.-relabed
disease; (3} presence of TPET mutation; (4) poor patiemt fimess, and
[5) o response o therapy.

lax verih

5. Problems with antifungal prophylaxis

Primary antifurgal prophylacis with an azale s a well ssablished
practice in the management AML patients receiving intensive induction
chemptherapy |4]. However, there are various potential problems
asmociated with the use of aeoles including toodcity, drog-dmg ine
teractuns, development of resistance and erratic serum Jevels requiring
thermpeutic drug monitering. The main Sde-sffects associated with
azoles are liver toxicity, ()Tt prolongation, vissal disturbances, neuro.
lagical and gasirointestmal toxicities | S0.51]. Ina muliicentric registry
of 20049 patients who received azales in 55 centers in the LSA, 14,7 % of
patients had adverse drug reactions, especially with woriconamale and

Lekemda Besearch 130 (30EE) P4

pasacanazole (14.2 % and 11.3 %, respectively). The most frequent
boxicity was hepatic, oocurring in 7.3 % of patients owerall (B.1 %, 59 %
and 1.2 % of patients receiving voriconazode, posaconazols and isava-
conazcle, respectively) [ 123, In other study, 277 patients with AML were
treated with intensive chematherapy (62 %) or venewnclax-based regi-
mens (34 %) and recetved azols prophylaxis (posasconaznle %1 %, vor-
icomazole 30 %, saveconazole 1% %) Discontinuation due to toxdcity
[mastly hepatic) oooarred im 14 %, with similar mees of discontinuation
betwean the azoles (13 %, 15 % and 13 % for posacomazale, vor-
i le and isavocs respectivedy] [14].

Axple antifungals are metabolized by cypiochrome P450 and are
potent inhibitars of CYP34A enzymes, especially CYPAA4 [52]. Vene
etaclax is metabolized by CYP3A4 and Pglycoprotein and when
administered together with moderte or strong mbibdtors of CYFaA4
such as posaconazale, voriconazole and isavuronazole, a reduction in
the dose of venetoclax is recommended (50 % of the Full dose with
maderate and 5 % with strong CYP3AG inhibitors) [52].

A study evaluated the 'lirnebun:mrnphllr:qu-(:-]l)ﬂl).rmm’}and
platedet recovery (:-IM.DI'.'ID,'mms] in &4 AML patients who achiewed
respanse after one course of venstockax plus an hypomethylating agent,
comparing 47 patients who were on azole prophylasis (posaconazole in
17, wariconazole in 9, isavoconazale in 20, Auconazole in 1) with 17
wibin dic not receive prophylaxis with an azole. The time to neutrophil
recavery was nat different in the two groups, but the tme to platele
recavery was significantly langer in patienis on azale prophvlaxs (28 ws.
22 days) [5B4].

4 post-hoc analysis of the YialeA study evaluabed the effect of
concomitant use of CYP344 inhihitors in the first two cycles of treatment
on efficacy amd safety. Among 263 patients receiving venetoclax plas
azacitidine, 41 {14.23 %) received moderabe CYF3A4 inhibitor and X2
[¥7 %} received strong CYP3Ad inhibitor. The concomitant wse of
CYPIA4 inhibitor had no infloence an response mees (67 %, 61 % and 64
% with no, modernte, or strong inhibitor, respectively) or overall sur-
vival (152 moiths, 12.2 months, and 12,2 months with no, moderate, ar
strong inhdbdtar, respecitvely). There was oo comparison between pa-
tients receiving azoles or echinocandins as antifungal prophylaxis (55].

In another study, the venetoclax exposure.efficacy amd exposure
safety relatinnships was evalusted in patients with newly diagnpssd
AML receiving venstoclax with low.dose cytarabine or with hypo-
methylating agents. In patients receiving venetoclax plus  hypo-
methiylating agents, there was a trend for higher probability of grade =3
infection with increasing exposure: 51% probability of infection weth
400 mg. d and 59 * with 80{ mg/d. While doses of 400 mg.d, G600 mgs
d and 80 mg/d had similar probabilities of neatrophil recovery, the
dase of 400 mg d had higher probabiity of platelet recovery. [n addi-
tiom, increasing concentration of venetoclax up to 400 mgsd had
significantly higher probability of response companed with lower doses

5f:|. These dota suggest that wnderexposure to venetoclax may be
associated with 2 lower probability of respanse, and overexposure may
result in a slight increase in the risk of infection. Therefore, if venetocl
iz comhbined with variconazole ar passconaznde, variations in the s=rm
leweds of the azoles may result in under or overexposare (o venetocka.
‘This may be more problematic with voriconazole where seram kevels are
nat predictable from one padient to the other because of the paly-
marphism in CYP2C19 [57]. Indeed, therapewtic drug monitoring is
generally recommended for posaconazode and voriconazobe | 58],

Tevied Besrnl E
Y

G, How we g [ with acwte
treated with venetoclax-based regimens

Based on climical experience and real-word studies already pube
lished |41, 4544, we think that antifungal prophylasis should not be
given bo all AML patients treated with venetoclax.based regimens
{hypomethylating agenis or kawdose cytarabine). First, drug-drug in-
teractions are a concern and may have an impact an venstoclax expo-
sure, patentially decreasing its efficacy and increasing toxicivy. Second,
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Table 3
Risk swatification of Ewvasive fungal discase in patiesss with ecure myeloid
leukemia recehvisg bess inensive venetnchax-hised reglewens.

Facior Lerw-rink High-risk
Louden-rekaied
Prinr chesnibergy Hu Yen
Ssetum o AML Huly disgraimaad [ P e s—
ELM rivk stratscation Favemble Unlrecra bl
Type of ANIL DOr nesm Sernzalary o thargy-
relarted
Mesiropenia ab wiart of L Yen
oyl
Prubsisility of nesporme High Lume
TPS3 mutation Hu Wen
Han-nd e
Perfurmunce st ¢ Gl Poor
Finae
Chrsic wtructive lumg Abacni Proserg
RUETEYS
Arties smeking Hu Yen
By winghi Low High
Iren evermd Hu Yo
Hyparghycemsa L Yex
Evvirenemial facioen
Hoem HEPA filier urdd prsives B HEPA filbes
prowsT
Haavy dusk sspasmire Hu Weu
ieher ferion
Hmpl of morscasmids B Yen
Lucal spdeminlogy High incidmes of IFD Luree ke e af IFD

AML = acune myelodd ledkemin ELN — Eurnpean Leukemia Ner, HEFA = high
efficiency pasticulars air; FD = Invisive fongal disense

aznle aniifungal agents have several side effects {particularly liver
toxicrty) that may complicate the treatment of AML. Third and nwost
impartant, because the incidence of IFD vanes across institutions and is
prabahly bwer with venetoclay.based regimens comparsd with inten-
sive chematherapy. Instead of giving ant-mold prophylaxis o all pa-
tienis, a selection of patients at higher risk could be a wiser sirategy,
considering factars associated with an increased risk of IFD in patients
receiving  hypomethylating  agents with or without  venstoclax.
Prereatment factars that should be included in a risk seratification
strategy include prior chemotherapy |15, newtropenda at start of cvcle,
umtavorable ELN risk groap [41], bow probability of achieving complete
respanse, B/R AML |45, secondary or thermpy-related AML [47], TREZ
mutation and poar patient fitness (40, I additson, loral epidemialogy
should be strongly considered. Fimally, previously defined risk factars
far IFD in AML patients such as receipt of corticostierids, comarbidities
Ichranic ohstructive pulmonary disease, smoking, high body weight,
iron averboad, hyperglycemial, and envirenmental exposure (rooms
witth or withowt HEPA filter, butlding constructicn or rencvation ) should
be= taken into consideration [ 18, 2620 (Table 3],

Finally, if we dont give antb-mold prophylaxes in AML to all patienes
whio will receive a venetoclax: based regimen, how do we manage these
patients? The first consideration is to increase the awareness for IFD,
taking mbo consideration local epidemdologic aspecis. If the patient is
treated in the hospiml, serial {2-3 times per week) serum gab
actomannan is a good sirategy to early dingnose invasive aspergilosis

1s). Alternatively, serum galactomannan should be part af the mital
workup for fever. In addition, chest CT scan should be obtained in pa-
tients with respirabory symptoms of in case of persisbent or recurrent
fever during neutropenia. Other tests should be considered depending
o bocal epidemickogy.

In conclusion, the treatment of AML has improved with the discovery
of targeted dnags., bringing new challenges in the managemendt of these
patients. Invasive fungal dissase & still a threat in this population, but
we think that a risk stratifiction strategy is a wiser way to approach this
prablem. More studies are needed to better characterize the epidemi-
ology of IFD in &ML patients trexted with venetoclax-bassd regimens

Lenkermbi Beaearch P30 {20210 1]
and with other targeted drugs.
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Abstract

Background: Invasive fusariosis is a serious infection affecting mostly patients with hematologic
malignancies and hematopoetic cell transplant recipients.

Objectives: To develop a scoring tool that evaluates guideline adherence in the management of
invasive fusariosis.

Methods: We reviewed two guidelines, provided by the European Society for Clinical
Microbiology and Infectious Diseases (ESCMID) and the European Confederation of Medical
Mycology (ECMM), and selected the strongest recommendations for management quality as the
bases for the scoring tool.

Results: We reviewed the recommendations regarding primary and secondary prophylaxis,
diagnostics procedures (images, blood cultures, biopsy of skin lesions with direct exam, culture
and histopathology, species identification, antifungal susceptibility tests and antigen detection),
treatment choices and follow-up procedures. The tool comprises 18 items, with 2 maximum of 24
LS.

Conclusions: The EQUAL score Fusariosis is a tool that may help clinicians to measure
guidelines adherence.

Keywords: fusariosis: Fusarium: score; guideline: stewardship: fungal infection; invasive

mycosis; invasive fusariosis
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Introduction

Invasive fusariosis is a serious infection that affects mostly patients with severe
imimnunosuppression, particularly neutropenic patients with acute leukemia and hematopoietic cell
transplant (HCT) recipients.” In such patients, the disease is usually disseminated, with typical
metastatic skin lesions, positive blood cultures and poor outcome * The most frequent species
causing invasive fusariosis are Fuvarium solant species complex (FS3C) and Fusarien oxvsporim
species complex (FOSC) In addition o disseminated disease, pneumonia is frequent, and may
have a clinical presentation similar to invasive aspergillosis, including macronodules with or
without halo sign and positive serum galactomannan.® Beta-glucan is frequemtly positive in cases
of disseminated disease.” Blood cultures and skin biopsy with direct exam, culture and
histopathology, are the most frequent sources of diagnosis of invasive fusariosis.” Fusarfum
species usually exhibit high minimum inhibitory concentrations (MICs) to most antifungal agents
including voriconazole, posaconazole, isavuconazole and amphotericin B, However, a clear-cut
correlation between MIC and outcome has not been established ® as illustrated by the good clinical
response to voriconazole despite the high MICs exhibited in the susceptibility test studies.™ 1"
Treatment options for invasive fusariosis include a lipid formulation of amphotericin B and
voriconazole. ™ Imune reconstitution is a Key prognostic factor, with poor outcome in
persistently neutropenic patients regardless of the antifungal regimen.'

Recently, the European Confederation of Medical Myeology (ECMM) together with the
International Society for Human and Animal Mycology (1SHAM) and the American Society for
Microbiology (ASM) published a guideline for the diagnosis of rare moulds, including
fusariosis."’ In this paper, we present a score which reflects the strongest recommendations from
these guidelines. The application of this score system allows clinicians and hospitals to quantify
guideline adherence, and to support antifungal stewardship programs.

Methods

We review two guidelines presenting recommendations for the management of invasive
fusariosis: the guidelines published in 2014 by the European Society for Climical Microbiology
and Infections Diseases (ESCMID) and the European Confederation of Medical Mycolopy
(ECMM), " and the global guidelines for the diagnosis and management of rare mold infections,
developed by the ECMM, the International Society for Human and Animal Mycology (ISHAM),
and the American Society for Microbiology (ASM), which represents an update and extension of

the pervious puidelines.'' First, we grouped recommendations into prophiylaxis, diagnosis,
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treatment and follow-up, Then, we selected “A 1o *C recommendations as an ideal management
approach to a hypothetical patient. In the last step we allocated score points along the guideline
levels of evidence and the clinical importance regarding the management of patients. Since the
prompt determination of the correct diagnosis is very important in order o improve the outcome,
more points or relative weight were given to the diagnostic section of the score. We subdivided
this section into subsections of imaging, direct exam and culture of blood and skin lesions (the
ot frequent clinical presentation in cases of dissenunated disease), histopathology, serology
tests, species identification and susceptibility tests, acknowledging that the two latter are not
strictly necessary for treatment decisions. The treatment section comprised the first line options
and ancillary therapies, with surgical debridement of necrotic material, and the use of granulocyte
transfusion and granulocyte colony-stimulating factor (GCSF) or granulocyte-monocyte colomy -
stimulating factor {GM-CSF). The follow-up section comprised only seriim galactomannai to
MO0 [FEalment response.

Resulis

The recommendations. levels and strengths of evidence and scores are summarized in the
Table. Patients with neutropenia or HCT recipients with positive culture for Fusariom species in
superficial skin lesions in the extrenuties (nterdigital intertrigo and for onvchomyeosis ) should
receive mould active prophylaxis (voriconazele or posaconazole) (1 point). Patient who had
invasive fusariosis and will be exposed to a subsequent period of iImmunosuppression (neutropenia
and  or T-cell immunodeficiency) should receive secondary prophylaxis with voriconazole,
posaconazole or a lipid formulation of amphotericin B {liposomal o lipid complex) (1 point)

In neutropenic patients with unexplained persistent or recurrent fever despite broad-
spectrum antibiotics, blood cultures should be obtained (2 peints) and chest and sinuses
computerized tomography (CT) should be performed (2 points). In the presence of skin lesions
(papular or nodular ervthematous with central necrosis), biopsy 18 mandatory. Divect microscopic
exam of skin biopsy (2 points) is the fastest and easiest way to establish a presumptive diagnosis
of invasive fusariosis before the results of culture and histopathology are available. Culture (2
pointsh and histepathology (2 peints) of skin or other tissue are sirongly recommended. Serology
tests with fungal antigen detection such as aspergillus galactomannan antigen test (1 poant) and
I.3-beta-D-glucan (1 point) may be positive before the clinical manifestations of invasive
fusariosis. In case of growth of Fusariem in culture, species identification can be performed with

MALDI-TOF or PCR {1 point), although this is more important for epidemiological aspects than
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for defining treatment. The same is true for antifungal susceptibility tests, using EUCAST or CLSI
(1 point).

First-line treatment for invasive fusariosis comprises a lipid formulation of amphotericin B
(liposomal amphotericin B or amphotericin B lipid complex) or voriconazole (2 points).
Combination therapy with voriconazole plus a lipid formulation of amphotericin B 1s another
option (2 points). In patients with lecal infection with necrofic tissue (skin and sofl tissues),
surgical debridement is recomimended (2 points). Ancillary measures to enhance immunity include
granulocyte colony-stimulating factor (G-CSF), granulocyie-monocyte colony-stimulating factor
(GM-CSF) and granulocyte transfusion (1 point). In addition, if’ positive at diagnosis, serum
galactomannan is recommended (o monitor treatment (2 points).

Discussion

The EQUAL (ECMM score to measure QUALity of clinical management) fusarosis score
is an 18-item tool that gathers the most relevant recommendations from recent guidelines, and may
help elinicians and institutions to quantify the quality of care of immunocompromised patients
who develop invasive fusariosis. The score was created following the same procedures applied in
other EQUAL scores. !

The pathway for the proper management of patients with invasive fusariosis starts with the
identification of patients at risk. Invasive fusariosis occurs typically in patients with hematologic
malignancies, especially those with acute leukemia with severe neuttopenia and HCT recipients
with neutropenia or graft versus host disease. "™ Among neutropenic patients, fusariosis usually
manifests as disseminated disease, with persistent or recurrent fever despite appropriate antibiotic
therapy, and the sudden appearance of multiple skin lesions or pneumonia® In this context, blood
cultures and chest CT scans are mandatory. In patients with pnewmonia, the differential diagnosis
with invasive aspergillosis can be challenging, especially because serum galactomannan is
frequently positive in invasive fusariosis.* Positive blood cultures and / or the appearance of skin
lesions point to the diagnosis of fusariosis. Once the diagnosis is established, molecular and mass
spectrometry methods are helpful in species wentification. However, since these methods are not
widely available and because species identification adds Initle to treatment decisions, we gave |
point for these procedures. The same i true for antifunpal susceptibility tests, since there is no
correlation between MIC and the outcome ® There are no randomized studies evaluating different
treatment regimens for the treatment of invasive fusariosis. Furthermore, although recovery of

immunity is the main prognostic factors, the role of adjunctive therapies such as G- or GM-CSF
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and granulocyte transfusions in the treatment is not clear. The EQUAL Fusariosis score reflects
these limitations.

The maximum EQUAL Fusariosis score may vary according to the host (newtropenic of
non-nettropenic), presence of skin lesions in the extrenties with positive culture for Fusarium
species, clinical presentation (fungemia, single organ involvement such as pneumonia, or
disseminated disease), source of diagnosis (blood cultures, skin biopsy), treatment response and
subsequent pericds of immunosuppression. Considering a hypothetical patient who presents with
onvchomycosis with positive culture for Fusarium species, becomes neutropenic, develops
disseminated disease with skin lesions and positive blood cultures, have suceessful treatinent aid
receives subsequent cveles of chemotherapy, the maximum score will be 24,

The development of guidelines is important to help clinicians in the proper management of
many clinical conditions, especially in relatively uncommon diseases like invasive fusariosis.
However, the adherence o guidelings recommendations may be challenging, with many different
recommendations. The EQUAL score Fusariosis 15 a tool that may help clinicians to measure

euidelines adherence.
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Table: EQUAL score Fusariosis items with strengths of recommendations and levels of evidence

Quality indicator Strength of Level of Equal score
recommendation evidence points
Primary Neutropenic patient or HOT recipient positive culture for Fusarium B Iu 1
prophylaxis | species in superficial skin lesions in the extremities (interdigial
intestrigo and for onychomycosis). Drug of choice: voriconazole or
posaconazale
Secondary | Patients with previous invasive fusariosis who will receive B IIu 1
prophylaxis | treatment that induces neutropenia or severe T-gell
immunodeficiency. Drug of choice: voriconazole, posaconazale of a
lipid formulation of amphotericin B
Diagnosis Chest/Sinus CT in the case of persistent or recurrent fever A ITh 2
(fusariosis less likely to have halo sign)
Blood cultures A Iu 2
SKin (more frequently) or other tissue
Dhrect exam A Iu 2
Culture A It 2
Histopathology A I 2
Serology
This article is protected by copyright. All rights reserved
Serum galactomannan serum Ilu I
Serum 1, 3-beta-D-glucan I I
| Species identification
PCR or MALDI-TOF MS B [T I
| Antifungal susceptibility tests (CLSI or EUCAST) C Iy I
Treatment,  Voriconazole IV, switch to PO once stable Il 2
fist line
Liposomal amphotericin B or amphotericin B lipid complex A Ilu 2
[ Combination therapy with voriconazole and a lipid formulation of A [lu 2
amphotericin B
Ancillary Surgical debridement of necrotic tissue A I 2
therapies
G-CSF or GM-CSF B I I
| Granulocytic transfusions C I |
Follow-up | Galactomannan in serum (if positive at diagnosis) A i 2

HCT = hematopoietic cell transplantation; CT: computerized tomography: PCR = polymerase chain reaction; MALDI-TOF M5 = mairix assisted
laser desorption ionization-time of flight mass specteometry; CLSI = Clinical and Laboratory Standards Institute; EUCAST = European Committee

on Antimicrobial Susceptibility Testing; IV = intravenous, PO = per os; G-CSF = granulocyte colony-stimulating factor; GM-CSF = granulocyte-

monocyte colony-stimulating factor

= commparator group, uncontrolled trials: b = comparator group, historical controls
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